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| ANNOTATION

A. A. Leonov, and V. I. Lebedev. Psychological Character-
istics of the Actlvity of Cosmonauts,.1971.

In this volume A. A. Leonov, Pilot-Cosmonaut of the USSR,
and V. I. Lebedev, Candidate of Medical Sciences, discuss the
role of the cosmonaut in the man-spacecraft system, the importance
of crew teamwork in controlling multiplace spacecraft, and the
psychologlcal aspects of the preparation of cosmonauts as
operators. Shown are the changes in the environmental conditions
and the associated psychophysiological mechanisms of space and
time perception away from the earth as man goes into outer space.
The influence of welghtlessness, extended isolation in cramped
quarters, emotional stress and other space flight factors on
man's perception of time 1is explained. An analysis 1s made of
man's motor activity under weilghtless conditions. The gains
possible from integrating man and machine and training the
cosmonauts for orientation duriﬁg long space flights and also
from organizing work and rest periods during interplanetary
space flights are pointed out.

The book is intended for psychologlists, philosophers,
biologists, doctors, cosmonauts, pilots, and other specialists
interested and involved in working out the problems of aviation
and space psychology.

There are seven tables, 26 figures, and 198 references.

Responsible editor — Professor A. N. Leont'yev.



INTRODUCTION

The human mind has discovered
much that is amazing in nature
and will discover still more,
thereby increasing man's command
over nature.

V. I. Lenin

In one of his reports in the early days of the spacé era, /5%
Academician N. M. Sisakyan saidJ"It is difficult to avoid
temptation and not try to compare our times with the epoch of
the great geographical discoveries." This is truly the case.
Following Gagarin, who opened man's road into space, newer and
newer spacecraft with Soviet and American cosmonauts aboard have

been launched into near-earth orbits.

In the Soviet Union our natural satellite, the Moon, is
being successfully studied with the aild of automatic vehicles.
In 1970 the world's first mobile laboratory, Lunokhod-l, began
to operate on the surface of the Moon. Automatic vehicles
created 1n the Soviet Union are being sent regularly to Mars
and Venus. The characteristics of the interplanetary medium
and planetary atmospheres and surfaces are being studied with
the aid of equipment installed aboard interplanetary probes.

The next step in conquering outer space 1s the creation of
permanent’ manned orbital stations and flights of cosmonauts to
some solar system planets. Such flights are possible with the
aid of chemically fueled rockets, to say nothing of interplane-
tary probes with nuclear power plants.

¥
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The larze piloted interplanetary spacecraft with its equip-
‘ment will be a complex multiloop control system with man in the
loop. Here the basic cosmonaut functions will be observing the
operation of automatic devices and systems, solving problems of
space navigation, correcting the flight trajectory, preparing
the spacecraft for landing on the particular celestial body,
and so on. Moreover, the members of the interplanetary space-
craft crew will have to carry out a broad range of scientific
investigations.

In the process of orbital and interplanetary flights man
wlll be subjJected to several unusual factors to which his organism
has not adapted in the course of evolutionary development. Most
important among these unusual factors are weightlessness, a
system of space coordinates which differs from that used under
terrestrial conditions, termination of the action of the terres-
tial time "sensors," and so on.

Even prior to man's flights into outer space psychology and
the related sciences were already faced with the broad question:
to what degree and how will adequate perception of reallty be
provided, including spatial and temporal relationships; how to
provide the psychophysiological organization of man under new
conditions to which he is not adapted. ’

In our previous book entltled Perception of Space and Time
in the Cosmos, which appeared in 1968, we made an attempt to
correlate the experimental data and experience of flights in

satellite spacecraft, and this was of some assistance in answering
the questlon posed above.

Since that volume was published, new advances have been made
in conquering outer space. Thus, the two spacecraft Soyuz-U4 and




Soyuz-5 were successfully linked up and the world's first orbital
station was created. The Soyuz-6, 7, and 8 spacecraft have per-
formed their flight program. The American astronauts have flown
around the Moon and landed on the Moon's surface. Finally, the
extended flight of A. Nikolayev and V. Sevast'yanov aboard the
Soyuz-9 spacecraft has been terminated successfully. Studies
have also continued in ground-based trainers and simulators to
study the psychological capabllities of man in controlling space
vehicles, work-rest regimes for the cosmonauts have been worked
out, and so on.

All this has led the authors to supplement their previous book
with the new data accumulated in the field of space and aviation
psychology. The new book required writing individual chapters
not related to the questions of space and time perception, and
this led to the new tiltle. We have attempted primarily to show
the role of the cosmonaut as operator in the man-spacecraft
system, integration of man and machine 1nto a unified system,
and also the importance of spacecraft crew coordination. The
chapters covering questions of space and time perception 1in space
have been supplemented with considerable new experimental data.

A major portion of the book is devoted to the biomechanics of
man's movements under changed gravity conditions and the problems
of retaining the cosmonauts' work capabllity during extended
space flights.

The authors realize quilte clearly that the problems consid-
ered in the articles presented to the reader here are by no
means covered completely and require further development. However,
we hope that the present work will give useful information on
the psychic activity of man under space conditions and will serve
as an impetus for further and more detailed studies of the subject
problems.



CHAPTER 1

THE COSMONAUT AS AN OPERATOR IN THE
MAN-SPACECRAFT SYSTEM

K. P. Feoktistov, pilot-cosmonaut of the USSR, wrote:
"Equipment has already been developed which nearly completely
automates the spacecraft monitoring and control processes (other-
wise we could not have sent automatic interplanetary probes to
Mars and Venus or tested the first spacecraft in unpiloted
flights)... There is no question of the possibility of complete
and qulte reliable automation of all the control processes
aboard the spacecraft. But then, what is the role of man 1in
controlling the spacecraft?"

The answer to this question is intimately connected with the
answer to the following question: why was space exploration
started, what is it yielding and what will it yield for the
people in the future. 1In the popular science literature and even
in the scientific literature, we often encounter references to
the unsatiable thirst of man to know the world surrounding him,
the inherent desire of people to discover the secrets of the
universe, and so on. This, obviously, is to some degree true.
But what is the factor which has led to the thirst for knowledge
in this particular field, in the study of outer space? Any
attempt to explain the fact of man's "gravitation" into space
simply by "idle curiosity" 1s obviously untenable.




In accordance with the classical views of Marxism~Leninism
the appearance of the requirement for studying and conquering
outer space can be understood only from the practical require-
ments, which serve as the basic moving force for the development
of theory. The demands of practice, specifically the production
requirements, indicate the direction for the development of

science and move it ahead.

From the very beginning, the desire for knowledge of outer
space was the result of practical needs. The study of astronomy
in ancient Egypt, Babylon, China, and India resulted from the
requirements of agriculture, animal husbandry, trade, and ocean
navigation. Thus, astronomy as a subject which studles phenomena
taking place far from the earth served specific terrestrial

objectives from the very beginning.

For a long time the knowledge of celestial phenomena /8
obtained with the aid of observations from the earth satisfied
to one degree or another the demands of everyday life. But at
a definite stage in the development of engineering and scilence
an urgent need developed for extending and generalizing this
knowledge.

One of the most immediate and direct factors leading to man
going into outer space is undoubtedly the demands of several
branches of the national economy and the fundamental sciences.

We shall not go into detail here in listing the "demands" coming
from many branches of engineering and science which can utilize
knowledge of outer space. Considerable literature is now avail-
able on the use of the advances in cosmonautics for the organi-
zation of radio and television transmission over long and inter-
mediate distances, for the conduct of meteorological, geological,



geophysical, astronomical, physical, and many other investiga-

- tions. However, it is already clear that the scientific informa-
tion obtained with the aid of artificial satellites and automatic
interplanetary probes 1is fundamentally limited. This is
explained first of all by the fact that the automatic devices

are capable of yielding information only within the framework

of the programs introduced into them ahead of time by man.
However, if the automatic device encounters some phenomenon or
class of phenomena whlch were not foreseen by the program, it
.cannot provide any information on these phenomena to man. And

we know that 1n space and particularly on the planetary bodies
there are many different objects, phenomena, and processes

which are not yet entirely clear or are completely unknown to
sclence. Hence arises the urgent requirement for creating the
conditions for man himself to participate directly in the
observations and experiments conducted in space.

Thus, the basic task of man in space is to obtaln scientific
Information by direct observation and conduct scientific
experiments. Feoktistov came to this same conclusion.

Sclentists from various fields (astronomers, physicists,
biologists, meteorologists, and so on) must be brought in for
thorough study and investigation of the various phenomena in
outer space, and speclalists from the various professions
(assemblers, electrowelders, construction personnel, and so on)
are requlred to assemble orbital stations and set up and align
observatories and laboratories on the planetary bodies. It 1s
obvious that these specialists will be delivered to the orbital
stations and planetary laboratories on spacecraft plloted by
professional cosmonauts.




While at the present time the cosmonaut is assigned both
the task of controlling the spacecraft and 1ts systems and
conducting scientific investigations, it is obvious that in the
future these functions will be distributed among various indi-
viduals. This differentiation has already been noted in the
flight of the Voskhod spacecraft piloted by V. M. Komarov with
K. P. Feoktistov, a sclentist, and B. B. Yegorov, a doctor, as
the other crew members.

In discussing to some degree the role of man in the
scientific and research work involved in the study of space, we
should make special mention of the functions of the professional
cosmonaut which are associated with control of a spacecraft
saturated with automatic equipment.

While in the evolution of aircraft equipment man was from
the very first the main element in the system for controlling
heavier-than-air vehicles, in the development of cosmonautics
the main emphasis from the very beginning was on automated
equipment. Even when building the first manned spacecraft
(Vostok and Mercury) the designers were faced with a quilte
limited objective — provide for the possibility of human life
under the conditions of outer space and carry out studles to
find out how the space flight factors affect man's physiological
and psychic functions.

This solution was entirely justified for the first flights,
since on the basis of certain ground-based experiments and
theoretical arguments many scientists expressed doubt concerning
the possibility of living and working under the conditions of
outer space. For example, some sclentists considered that the
loss of weight would lead to psychic disorders which would not



only prevent man from working but would make it impossible to
live 1n space. One American investigator wrote: '"No one is in

a position to predict precisely what the influence of outer space
on man will be. Only this is certain — man will be isolated

and lonely 1n space."

Nor can we ignore the fact that foreign developments in
outer space were initiated on the background of the "cybernetic
boom", when many specialists in this field thought that the
presence of man in the system used to control automatic systems
is not really necessary and 1t would soon be possible to do
without man in the system entirely. "It was not realized by
everyone or immediately," wrote B. F. Lomov, "that attempts to
achleve complete automation were not only premature but also
unrealistic " (1967, p. 4).

Satellites and automatic interplanetary probes are very
complex and conslst of several thousandidetailed parts and various
systems. However, the manned space flight vehicles are still
more complex. While during the flight of satellites and automatic
probes many of the systems operate periodically, for example iélg
the flight trajectory correction engines, on manned spacecraft
many of the onboard systems operate all the time. For example,
the regeneration system must operate all the time to provide the
cosmonauts with oxygen and remove carbon dioxide from the
exhaled air. On today's spacecraft these systems are compara-
tively slimple. But, when interplanetary ships are equipped with
an ecologically closed cycle with inclusion of plants and animals

in the loop, the 1life support system becomes extremely complex.

No matter how reliable and advanced machines may be, they
are still assembled from many elements — units, transmissions,

englnes, electronic equipment, and so on, which inevitably wear




out and not all at the same time. And the more complex any
mechanical, electronic, or other system, the greater 1s the
probability of a problem in some part or element of the system.

From this we can conclude that the cosmonauts will be
required during flight, in addition to conducting sclentific
and research tasks, to perform constant observation of the
ship's automatically operating systems and in the case of failure
of the latter they must take an active part in the system opera-
tion, shifting from the monitoring function to the manual regu-
lation function.

During the first American orbital flight, the astronaut
John Glenn had to land the ship using the manual mode because
of failure of the automatic system. In his report Glenn
emphasized that "greater responsibility for control of the
spacecraft than was planned can be assigned to man. In
many areas the safety of man's return may depend on his actions.
Although such situations have not been considered in the Mercury
project,theiastronaut has not been considered just a passive
passenger even in this design. Even where automatic systems are
required, their?reliability can be increased markedly by the
presence of man. The Friendship-7 flight is a good example of
this situation. The ship would not have been able to complete
three orbits and return to the earth without the presence of a
man aboard." An autopilot failure in the Voskhod-2 Soviet
spacecraft forced its commander P. I. Belyayev to use manual
control.

Concerning the lunar landing of the Apollo-11 spacecraft
module, Neil Armstrong radioed to the earth: "We came down
right toward a crater the size of a football field, surrounded
by huge boulders. It was necessary to switch to manual control

to select another spot for the landing."



These and other facts have shown convincingly thats, no matter
what the degree of automation aboard the spacecraft, man retains
the managing and organizing role in its control. The importance
of this role will continue to increase with further exploration /11
of outer space. Thus, during the circumlunar flight of the
American astronauts aboard the Apollo spacecraft the crew members
were assigned the major role in controlling the ship.

The farther the daring space explorers find themselves
from our planet and the farther they penetrate into the outer
reaches of space, the more often they will come up against unfore-
seen situations and phenomena which require fast and correct
reactions, including situations in the field of spacecraft control.
In this case i1t will not always be possible to obtain the required
instructions or timely advice, or consult with the earth. Another
problem will be the ever increasing time delay between the moment
of transmission of information to the earth and the moment the
return information is received from the earth with increase of
the distance. For the Moon this delay amounts to about 2.5
seconds, whlle for Venus the time is about five minutes. And
this 1s without considering the time required to work out the
answer to the cosmonaut's question. Possible cases of interrup-
tion or loss of communication between the spacecraft and the
ground-based flight control centers must also be taken into con-
sideration. It is clear that no cybernetic devices are capable
of replacing the creative intellect and intuition of man, which
are absolutely necessary in the Solution, and particularly in
the completely independént and immediate solution, of the problems
associated with spacecraft control under unforeseen conditions.

We see from this discussion that we must not contrast the
automatic devices with man or man with the automatic devices, but
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rather find the most rational ways and techniques to integrate
man's capabilities with the automatic equipment.

} INTEGRATION OF MAN AND MACHINE

Render unto man the things that
are man's and unto the computer
the things which are the computer's.

N. Wiener

"One of the great problems which we will inevitably run
into in the future is that of interaction between man and machine,
the problem of the proper division of functions between the two,"
wrote Norbert Wiener, godfather of cybernetics, in his last
work "God and Golem, Inc." (1966, p. 81). This is not just a
problem of the distant future but rather one of today.

The problem of the division of functions between man and
machine has arisen most sharply in cosmonautics, since spacecraft
are saturated with the most complex automatic and electronic
equipment. The proper theoretical and practical solution of this /12
problem will define not only the design of future spacecraft
but also the professional preparation of the cosmonauts, the
strategy and tactics of future manned spacecraft.

The Integration of man and automatic equipment into a
unified control system requires profound study of all those
complex interactions which are logically created between the man
and the automatic equipment during their joint development and
requires consideration for the specific nature of both machine
and human factors. The optimal resolution of this problem
requires skillful utilization in the control systems of the
relative advantages of both the man and the machine. In solving

11



these problems, we must keep in mind that the division of functions
between man and the automatic equipment is not constant and

fixed — it is relative. "Decisions relative to allocation,"
writes A. Chapanis, "are always made at a definite time and are
associated with a given level of development of technical

sclence. It was not so long ago that the question of where to
assign the computational operationé, to the man or to the machine,
was meaningless. Only recently have computers begun to perform
these functions. Similarly, today it is meaningless to ask
whether to use mechanical sensors to recognize targets; but this
question may take on practical importance 20 years from now.

The status of electronics is changing so fast that we can be
certain that what is impossible today will become possible
tomorrow" (1964, p. 100).

In creating any automatic equipment the designer can, by
carrylng out suitable tests, determlne precisely 1ts capabillities
and charactersitics for the solution of the tasks posed and find
the complete technical description of the equipment. Although
the functional characteristics of man at the present time are
not subject to as precise a description as are\those of the auto-
matic systems, nonetheless, to some degree of épproximation we
can speak of the relatively stable psychophysiological gqualities
of man.

The theory and practice of man-machine integration have
created concepts which permit examining the functional charac-
teristics of man and machine from a unified viewpoint. Here the
decisive role has been played by the science of control — cyber-
netics — which has formulated the unified principle for the

examination of control processes in living organisms and machines.
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Naturally, the operatlion of a machine, by which cybernetics
means a system capable of performing actions leading to a
definite objective, and the work activity of man are qualitatively
different. Man, in transforming nature, carries out consciously
formulated tasks, while the machine is only an executor of man's /13
will, a tool of his labor. And the psychophysiological processes
taking place in the human organism while he works are also funda-
mentally different from the processes in automatic systems.
Sti11ll, there is much in common between the functions performed
by man and the machine, which makes it possible to compare certain
blocks of automatic systems with the sense organs and operation

of the brain centers.

This approach to the study of the psychic properties of man
from the viewpoint of cybernetics makes it possible for technical
specialists to create machines in which certain human functions
are simulated. On this subject A. Clarke in his book Profiles
of the Future wrote: "All the ideas on thinking machines are

inevitably conditioned by and inspired by our knowledge of the
human brain — the only thinking device which we have available.
No one, naturally, pretends to have a complete understanding of
the operation of the brain and there is no hope that such under-
standing will be achieved in the foreseeable future.... But

we know enough about the brain's physical structure to draw a
good many conclusions on the limitations inherent in the brain"
(1966, p. 264). Thus, in explaining the behavior of man we must
start not from the operating principles of electronic and other
"machines but just the reverse. The machines must be considered
as devices in which certain human functions are modeled or copied.
This is why engineering psychology in analyzing the man-machine
system considers two aspects — engineering and psychological.

13



Let us examine from these viewpoints what functions man
can perfbrm better than the machine as an element in the control
system and vice versa.

In order to control a spacecraft man must perceive in a
definite fashion his surroundings, interpret the information

obtained, and act on the spacecraft control system in accordance
with the solutlion adopted.

Many of the technical instruments intended to detect changes
in the surrounding medium and in the objects controlled by
operators are considerably inferior to the human sense organs.

It has been established by the psychophysiologists that we can
sense the odor of artificial musk when its concentration is
0.000000005 gram per cublc meter of air. The following calcula-
tions of K. K. Platonov give a good idea of the "resolving"

power of the human sense of smell. Lake Teletskiy is 78 kmllong,
average wldth 3 km, and typical depth 20 meters. The water
volume in the lake 1s about 46-10° m3. In order to obtain the
concentration required for sensing the odor of musk in the same
volume of air, we need only dissolve in the lake about a cup

(230 grams) of this crystalline substance.

The human eye is a still more sensitive device, which has /14
been created by nature. Man can differentiate nearly half a
million colors and tones. In clear air on a dark night we can
see a candle flame at a distance of 27 km. A light flash last-
ing only 0.0003 second 1s clearly perceived by the eye.

With the aid of his sense organs man can not only percelve

various stimuli over a wide range, but can also evaluate precisely
signals which vary in some way or another over quite wide 1limits.

14




For example, when reading man can perceive correctly letters
which vary in size, inclination, shape, and so on. In contrast,
the "reading" machines now being designed can "perceilve" only a
strictly standardized format.

But man has even more advantages. He can perceive and
interpret "amorphous" information, which no machine is capable
of perceiving, and draw a corresponding conclusion on this basis.
Concerning this, Norbert Wiener wrote: "We must consider that
the brain in comparison with modern computers has definite
advantages assoclated with its tremendous functional range,
which is unbelievably larger than we would expect in view of
1ts physical size.

The principal advantage is apparently the ability of the
brain to work with imprecisely defined concepts. In such cases
the computers, at least at the present time, are nearly incapable
of self-programming. However, our brain readily perceives poems,
novels, and pictures whose content any computer would be forced
to discard as something amorphous™ (1966, p. 82).

Studies have shown that a certain time is required for
passage of a nerve stimulus from the sense organs to the brain,
processing of the information, and for the response motor
reaction. An event which took place at the end of the 18th
century and initiated the study of psychomotor reactions is of

some Iinterest.

In 1795 Maskelyne, the director of the Greenwich Observatory,
discharged the astronomer Kinnebrook for being half a second
late in noting star passages through the meridian. Maskelyne
established Kinnebrook's observation errors by comparison with
his own observations, which he considered to be entirely correct.

15



However, 30 years after this event the German astronomer i,
found that all observers, including Maskelyne, note the tlme of
star passage through the meridian imprecisely. It was found
that each observer has his own average delay time. From that
date on, this has been taken into consideration in astronomical
studies in the form of a coefficient called the "personal
equation."

The motor reaction delay time, i.e., the time from the
moment a signal appears to the moment of initiation of the
motor response to the signal, was first measured by Helmholtz
in 1850. This time was different for different individuals
(varying from 0.1 to 0.2 second). However, in the case ofia
slight complication of the experiment, for example when the
subject is required to press a button in response to the flash-
ing of a light of definite color from among several such lights,
the motor reaction time increases significantly — to 0.5
second or more.

The inadequate response speed of the psychophysiological
reaction of the human being becomes particularly noticeable in
the control of jet airplanes. Thus, at a flight speed equal to
twice the speed of sound there is a "blind" distance ahead of
the airplane, which is not perceived by the pilot. Objects
ahead which appear to the pilot to be 100 meters away are actually
already alongside. If two pilots approach one another, each
at this speed, they will not see one another at all at distances
of less than 200 meters.

Extenslve experience in avliation and the corresponding
experimental data 1ndicate that about 1.5 - 2 seconds are
required in flying a jet airplane to evaluate an ordinary
situation. During this time an orbital spacecraft will cover

16




about 16 km. At first glance it appears that at such a speed, to
say nothing of higher speeds, the cosmonauts cannot react at all

to many events taking place in outer space. But this is not the

case at all.

This is what Gagarin had to say about the perception of the
outside world during the first space flight: "From a height of
300 km the sunlit surface of the earth could be seen very well.
Observing the surface of the earth, I saw clouds and their slight
shadows which lay on the fields, forests, and seas. The water
surface appeared dark with shiny spots. I could distinguish
clearly the continental shores, islands, large rivers, major
water reservoirs, and terrain folds. When I flew above the
Soviet lands the square rectangles of the collective farms were
clearly identifiable. I had previously been able to climb to an
altitude of no more than 15,000 metefs in airplanes. Naturally,
the visibility 1s not as good from a satelllte spacecraft as from
an airplane but things could still be seen clearly. I was really
surprised that details of the earth's surface were so easily
visible from the satellite altitude. Although the ship was
traveling at a speed of 28,000 km/hr, all the objects on the
earth's surface seemed to float slowly by in my field of view,

which was limited by the spacecraft window.

The fact that man can see clearly objects on the earth's
surface, stars, and other space objects even at space speeds 1is
explained as follows. If we look out the window of a train in
motion at the embankment we see continuous merging lines. If we
gradually shift our view farther from the window we can differen-
tiate three zones, merging, flickéring, and clear vision of in-
dividual objects. The boundary of the zone between flickering
and merging aids the experienced pilot in determining the dis-

tance to the ground when landing an airplane.

17
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The closer above the earth's surface the cosmonaut flies,
‘the less possibility he has of reacting to the objects which he
sees. However, from an altitude of 200 - 400 km,the earth viewed
from the spacecraft window seems to be slowly floating by. 1In
interplanetary flight the cosmonaut will not have any sensation
of speed at all. A monotonous pattern will be presented to him.
In one window he will see bright unflickering stars, in the other
he will see the blinding disk of the unsetting sun. In spite
of the movement, at space speeds everything will be perceived as
frozen in place and stationary. Thus, the cosmonaut will even
have "excess" time as the spacecraft travels further away from
the celestial bodies. Conversely, when approaching any celestial
body or the earth a time "shortage" will appear. In these cases
automatic equipment will come to the aid of man.

With the aid of radar and optical techniques aboard the
spacecraft, we can essentially "extend" man's sense organs and
thereby increase his perception radius. The creatlon of special
equipment which makes it possible to receive signals from the
surrounding medium, process these signals rapidly, and put out
the corresponding commands to the rocket's actuating mechanisms
provides the possibility for reacting to a change of situation,
say the appearance of a meteorite, tens or even hundreds of
times faster than man can react.

Here is another example. Maneuvering of a spacecraft in
the rendezvous and docking process differs markedly from the
maneuvering of flight vehicles 1in the atmosphere. For example,
in order to catch up with another airplane the pilot must both
increase his airplane's speed and maneuver in space. When ac-
complishing a maneuver, say a change of altitude, the pilot
changes the wing angle of attack so that the wing 1ift force
becomes greater than in horizontal flight. These aerodynamic
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control relationships no longer act under the conditions of
space flight. Thus, if a spacecraft is subjected to only a re-
active force in order to catch up with another spacecraft which
is in the same orbit but somewhat ahead, this accelerating force
will alter not only the flight velocity,but also the orbit para-
meter. The ship goes into a higher orbit, or in the case when

its velocity decreases it goes into a lower orbit.

Since the human being is not capable of figuring out in
short time intervals what command signals must be transmitted
to the spacecraft engines in order to perform such maneuvers, a
computer is used to assist him. Such computers were used on

~
=

the Gemini spacecraft to carry out orbital rendezvous and manual
docking with the Agena rocket booster. Computers were used in
the Apollo circumlunar flight to make flight trajectory correc-
tions and also to carry out maneuvers 1in lunar orbit.

The cosmonaut's role increases particularly in the last
segment of the docking maneuver, when he engages manual control.
The spacecraft velocity must not exceed a few meters per second
relative to the docking target. The closer one ship approaches
the other, the lower the relative velocity must be in order to
provide shock-free engagement, but at the same time the velocity
must be sufficient to actuate the docking locks. Obviously, the
ship and target must be suitably oriented relative to the
docking fittings.

The docking of two spacecraft was first accomplished in the
Soviet Union in 1969. V. Shatalov had the following to say
about this maneuver: "After the successful launch of the
Soyuz-5 vehicle into orbit, the second stage of the flight was
initiated — rendezvous and docking in orbit. The Soyuz-4 and

Soyuz-5 ships performed several rendezvous maneuvers under
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manual control from a distance of more than 1000 km. When the
distance was reduced to a few'kilometers, the automatic rendezvous
system came into operation. The rendezvous correction engine

on the Soyuz-l4 ship was activated several times by command from
this system. This provided a gradual approach of the two ships

to one another with a speed which depended on the distance. I
monitored the automatic rendezvous on the instruments and visually
through the optical sight and a television set. During the ren-
dezvous the Soyuz-5 spacecraft was oriented with its docking fit-
ting pointing at Soyuz-4.

"At a distance of 100 meters Boris Volynov and I switched
over to manual control of the ships.

"We controlled the ships to maintain the required relative
orlentation. I varied the rate of approach of the two ships as
a function of the distance between them.

"Over the African coast, at a distance of 7000 - 8000 km
from the borders of the Soviet Union, we approached to within
about 40 meters of one another and held this distance. At this
distance Volynov and I performed several maneuvers, during which
we changed the relative position of the ships and photographed
one another. Then we continued the docking maneuver and com-
pleted the link-up in the zone of direct television communication
with the earth.

"In order to avoid rough lmpact the relative approach velo- /18
clity at the moment of contact was reduced to a few tens of ‘
centimeters per second."

In contrast with an automatic system, man is capable of

recelving information simultaneously from various sense organs
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and combining this information into an integrated image. Man
has a tremendous memory capacity, i.e., he has the capability
of storing information which, expressed in the language of cyber-

netics, requires "minimal programming".

Only man is capable of abstracting,'generalizing, and form-
ing concepts. This capability, together with his memory, gives
him the possibility of recreating images and events which took
place in the past and applying them to a given concrete situa-
tion, and also makes it possible to go beyond the limits of the
present and mentally anticipate events, foresee the future.

These psychologicalxggglities are particularly important
in so-called problem situatibhs, when man, in making a decision,
must radidly analyze an unforeseen situation which develops and
find ways out of this situation. "Problem situations" can arise
as a result of various factors. Sometimes they arise as a re-
sult of failure of an automatic system or under the influence
on the object belng controlled of unexpected and unforeseen
external inputs.

The studies of D. N. Zavalishina and V. N. Pushkin have
shown that in the process of solving problem tasks, the operator
must utilize a prepared program, i.e., a definite action algo-
rithm which is known to him ahead of time. However, in atypical
cases the intellectual activity of the operator takes on a
creative, heuristic nature. In this case, operative reasoning,
assoclated not with the use of stereotypical concepts and skills,
but rather with seeking new paths and solutions for the develop-

ing problem situation, will play the dominant role.

Studies of Teplov, Lomov, and others have shown that in
this form of psychic activity, pictorial and verbalized reasoning
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acts in a unified fashion, and this is what provides a concrete
reflection of the problem situation. On the basis of this image

- the operator works out a strategy for his behavior and by his

actions begins to act on the controlled object. To date none

of the modern cybernetic machines has the capability of opera-

tive reasoning, which makes it possible to work out an action

strategy in problem situations.

Man is also characterized by great flexibility in the role
of executor of commands. Using one and the same motor apparatus,
he 1is capable of performing quite different actions. In con-
trast with the machine, man adapts well to control and caﬁ im-
prove this quality almost without 1limit by means of training, /1
while the degree of adaptation of the automatic system is em-
bedded in its structure,and in general can be increased only
slightly at the present time. Man, however, with some training,
can carry out regulating functions in many control systems, no
matter how different their functional and structural diagrams,
with equal success. He is capable of comparatively easily and
quickly changing the programs which are to be used in performing
the regulation. He 1s also capable in case of certain failures
of shifting from one technique for performing his functions in
the control system to a different technique. The machine, how-
ever, 1n such situations ceases working or makes serious errors.
The following argument of Thomson indicates clearly how far the
capabilities of an automated system still are from man's capa-
bilities: "The hand of a monkey, although not as advanced as
our hand, is an amazing tool, particularly together with the
animal's eye and brain. Just think how much electrical power
would be required to create a machine capable, for example, of
picking oranges from a tree without damaging the tree itself.

We would think we had handled the task well if we were able to
install such a machine on a large truck, and its operation would
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require considerable expenditure of energy. The monkey performs
the same operation while weighing only about 40 pounds and re-
quiring a pound of nuts per day" (1958, p. 138).

It is true that man is subject to fatigue and boredom,
which leads to decrease of the quality of his work in controlling
the spacecraft, and also such psychic conditions as fear, fright,
panic, and so on can lead to an emergency situation and his death.
Machines are free of these problems. As a rule,machines have
high stability with respect to the ambient medium and its changes.
Still, the use of man as an operator in automated systems is not
only advisable but even necessary, as has been confirmed by

special experiments.

Thus, American investigators have made a comparison of the
operational reliability of completely automated onboard space-
craft systems (with double, triple, four-fold, and five-fold
duplication), and also systems including an operator. Initially,
the operation of all five systems was equally reliable. But by
the fourth day of a simulated flight there was a difference
between the reliability curves. At the end of the 1ll-day period
the reliability of the systems with two-, three-, and four-fold
duplication could not be considered satisfactory, while the
reliability of the system with five-fold duplication was not
sufficiently high. During the same time the operating relia-
bility of the system which included an operator changed very
little and was higher than that of the other systems. In addi-
tion,its weight was less than that of the other systems, which
is very significant for spacecraft with their severe weight /20
limitations. From this analysis it was concluded that the use
of the cosmonaut as an operator is most favorable, effective,
and at the present level of hardware development 1s a progress-
ive step (Figure 1).
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Thus, man with the aid of

various automatic devices is

capable of injecting a space-

craft into a given orbit, cor-
recting the flight trajectory

to the moon or other planets,

selecting the most suitable

Reliabllity level

area for landing on a celestial
body, and so on, more precisely Figure 1. Reliability of
and reliably than can the auto- fully automated spacecraft
. control system with two-
matic systems alone. This ?
J three-, four-, and five-
leads to the need for optimal fold duplication (1 - 4)
integration of the cosmonaut and including man (5)
and automatic systems, combin-

ing them into a unified control system.

The problems 1in creating an optimal system which includes
both man and automatlic equipment lie in ensuring the maximal
possible effectiveness of the integrated system, commensurate
with the limitations which are inherent f£o both the hardware
and the man. In the case of this integration of man and machine,
under certain conditions the machine must be monitored and con-
trolled by the man, and man's operations must be replaced where
the machine has the better capabllities. The reliability of
the spacecraft control system increases consliderably in the
case of this rational combination of the capabilities of man

and machine.

Here 1s an example which shows graphically the correctness
of this approach. It has been calculated that the reliability
of an automatic control system designed for flight around the
moon and return to earth is 22%. With the participation of man

it increases to 70%. However, if man 1s presented the
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possibility of correcting various faults in the different space-
craft systems, the reliability increases to 93% or more. These
calculations have been completely verified during the lunar

flights of the American astronauts.

The American Apollo-13 spacecraft was launched from Cape
Kennedy on 11 April 1970 at 22:13 Moscow time. The crew con-
sisted of the ship commander James Lovell, lunar module pilot
Fred Hayes, and command module pilot John Swigart. The flight
was planned to last 10 days and land two of the astronauts
on the moon.

However, problems arose on board during the very first
minutes of the Apollo-1l3 flight. During the boost phase the
center engine of the second booster stage shut down two minutes
earlier than planned. Vibration was'noted during firing of the
second and third stage engines. While in earth orbit, the
automatic system failed to complete hard docking of the crew
capsule and the lunar module. The astronauts closed two of the
locks manually.

On April 13, when the spacecraft had alreédy traveled more
than half the distance to the moon, the astronauts switched the
spacecraft into a so-called hybrid trajectory in order to inject
the ship into a selenocentric orbit with the least energy
expenditure.

On April 14 at 06:25 in the morning an emergency signal
awoke the astronauts. A liquid oxygen bottle had burst as a
result of pressure increase, and‘the spacecraft was 328,000 km
from the earth. A second oxygen bottle was also damaged by
fragments. Since the oxygen from these bottles was used to
operate the fuel cell batteries which constituted the main
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source of electric power for the command module and the life

support system, the crew immediately found themselves in a
critical position.

From this moment there was no longer any thought of com-
pleting the planned program. From now till the end of the flight
all the knowledge and experience of the astronauts and the ground
support specialists were directed to save the crew and return
the ship to earth. At the Flight Control Center in Houstonk the
-system specialists and experienced astronauts utilized computers
and simulators to find the best regimes for conserving electric
power and oxygen.

The lunar module became their "lifeboat", as the astronauts
called it, in the ocean of space. Two members of the crew
transferred into the lunar module through the interconnecting
funnel and activated the power system and 1life support system.
The hatches in the interconnecting tunnel remained open so that

oxygen could feed into the crew capsule, where the third astro-
naut remained.

It appeared that the immediate threat to the crew had been
eliminated. However, it was soon found that the life support
system of the lunar module could not cope with carbon dioxide
absorption. Using their pressure suit hoses, the astronauts
connected the lunar module system to the lithium hydroxide
cartridge in the crew compartment.

After getting out of one difficult situation the crew im-
mediately encountered another. The lack of electric power
immediately affected the operation of the temperature control /22

system. The temperature in the crew compartment fell to +5°.
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All this took place when Apollo-13 was approaching the moon
along the "hybrid trajectory". Therefore, the most urgent prob-
lem facing the crew and the flight director was to transition
the ship to a free return trajectory. This could be done only
with the aid of the lunar module landing stage engines. However,
a reduction of the pressure in the helium tank used in the ex-
pulsion system for feeding fuel to this engine had been noted

during the launch and during flight.

However, at about 12:00 on April 14 they managed to make a
trajectory correction and the spacecraft, after circling the
moon at a distance of 250 km, started back for the earth.

During the moon-earth segment the crew made two more tra-

jectory corrections to ensure splashdown in the Pacifilic Ocean.

Shortly before the landing, the astronauts left the lunar
module and entered the crew compartment. The final operations
in separating the engine section and the lunar module went
normally. The astronauts noted that the engline section had
considerable damage — the skin was torn along the entire
length. "Complete chaos," they radioed to the flight control
center. A

After reducing the orbital speed in the atmosphere, the crew
capsule was landed using parachutes. This occurred at 21:08
on April 17 in the Pacific Ocean. This was the end of the
dramatic Apollo-13 flight.

This flight demonstrated convincingly the role of the

astronauts in avoiding the consequences of an accident, their

bravery, and endurance.
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We should emphasize here that the most rational integration
of man into the unified man-spacecraft system can be achleved
only when the psychophysiological characteristics of the operator

and the technical characteristics of the machine are considered
in the spacecraft design.

THE COSMONAUT AS OPERATOR IN THE
MAN-SPACECRAFT SYSTEM

The individual is always
primary; the individual must
be as strong as a rock for
everything is based on him.

I. S. Turgenev

We have established that the professional activity of the
cosmonaut is a variety of operator activity with the use of
highly automated equipment. The cosmonaut is included in the
man-spacecraft-space system as a control element.

Common to the activity of operators controlling any vehicle,
whether this be a railroad dispatcher or flight dispatcher,
pilot or electric power statlon operator, cosmonaut or tram
conductor, is that all changes of the controlled vehicle are
determined with the aid of sensors. The signals from the sen-
sors are transformed and transmitted to instruments which the
operator observes. He percelves the instrument indications,
analyzes (decodes) them, makes a decision, takes the correspond-
ing action, which may be very simple (pushing a button, for
example) or more complex. The signal which occurs as a result
of the operator's action is transformed and transmitted to the
controlled vehicle, altering its state. The new state of the
vehicle is accompanied by change of the instrument indications,
which informs the operator of the results of his action. This,

in turn, requires new actions from the operator, and so on. 1In
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general terms,this is how a closed regulation system looks in
which the operator, having direct and feedback connections with
the controlled vehicle, appears in the role of a very important

and most responsible element of the system, namely, the regulator.

A block diagram of a man-machine system is shown in Figure 2.

Lomov notes
three primary ten-
dencies character-
izing the change of
man's activity when
operating in auto-
mated systems.
First, because of
the growth of mech-

anization and auto-

mation, man is faced

with the problem

of simultaneous con-
trol of an ever in-
creasing number of
factors (para-
meters). This com-
plicates the ana-
lysis and evalua-
tion of the vehicle

conditions and

fherefore the programming operation.

further removed from the objects being controlled.

Figure 2. Block diagram of semiautomatic

spacecraft control

A — pursuit tracking; B — compensation
tracking
1 — external condltons; 2 — external
conditions of ambient medium; 3 — control
organs; 4 — actuators; 5 — disturbances
and noise; 6 — indicators; 7 — operator;
8 — controlled vehicle; 9 — director
instrument; 10 — computing and correcting
devices

Second, man is increasingly

Under remote

control conditions he may not even perceive their conditions

directly.

Between the man's sensing organs and the controlled

object, there is "interposed" a whole system of technical devices

to transmit the required information, which in this case 1is
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usually encoded; now a new problem arises — decoding, which

did not exist in the case of direct perception of the course of
the controlled process. The operator's input to this process is
also mediated by a system of technical devices, which alters the
requirements on the working movements. Finally, under the con-
ditions of today's technology, there is a considerable increase
of the requirements on the worker's speed of action as a result
of lncreased speeds of the processes being controlled.

In evaluating the role of man in control systems we must
consider two intimately interrelated factors. On the one hand,
the advances of technology increase the possibility for tfans-
ferring many very complex functions from man to machine: there
is a partial replacement of man by the "machine elements" of
the system. In this connection there is a broadening of the
range of problems which the system is capable of solving. On
the other hand, the larger the number of machlines involved in
the control process and the broader the range of problems, the
greater 1is the need for integration of their operation. And
this means that the relative role of man in the control systems

increases and becomes more critical.

We have noted above that one of the important functions
of the operator in the man-machine system is to obtain informa-
tion on many processes in the controlled vehicle and in the out-
side medium, which affects the controlled vehicle. The data
coming along the communications channels from the controlled ob-
jects and characterizing the state of the external medium and
the state of the control system itself, and the representation
of these data on the particular devices (indicators, panels,
screens, signalling devices, instruments, and so on) form what
Panov and Zinchenko have termed the "information model of these
objects".
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The information model is the direct source of information
for the operator and is what he uses in making decisions which
ensure proper operation of the system and performance of the
tasks imposed on it. In introducing the model concept into
engineering psychology, Panov and Zinchenko have given it a dif-
ferent meaning in comparison with Crossman, Welford, and Chapanis,
who have also used this concept. The latter speak of "conceptual
models", i.e., models which are formed by the operators as a
result of receiving and processing information on the controlled
objects. Panov and Zinchenko emphasize that the conceptual
models are derivatives of the information models, and the deter-
mination of the requirements on the information models as ele-
ments of the control system is more essential in the initial

stages.

The first manned spacecraft was Vostok. In this vehicle
the informatlion on systems operation is presented in the field of
view of the cosmonaut on a panel containing instruments indicat-
ing the humidity, temperature, gas composition of the air, number

of orbits completed, clock, and so on (Figure 3).

Also located on the panel are signaling systems — lettered
legends which illuminate as commands are transmitted, when prob-
lems arise in the ship's systems, and so on. The indicator show-
ing the ship's position and the landing area is most prominent
among all the instruments. This instrument consists of a sphere
which rotates about two axes at a rate corresponding to the
earth's rotation rate and the angular velocity of the spacecraft
in the orbital plane relative to our planet. This instrument
provides the cosmonaut with information on his location at any
time and permits him to determine the landing spot when activat-
ing the braking engine at a given moment of time.
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The Voskhod and Voskhod-2 spacecraft solved more complex
problems in the course of their flights in comparison with the
ships of the Vostok class. Thus, the first spacewalk took place
from Voskhod-2. Successful completion of this experiment re-
quired additional information. Instruments were provided on the
panel to indicate the pressure in the airlock, opening and clos-
ing of the hatches, and the pulse rate and respiration of the
exiting cosmonaut.

A new class of spacecraft called Soyuz was created in the
Soviet union to carry out planned, step-by~step exploration of
outer space. While the Vostok and Voskhod ships were designed
to perform a quite definite range of scientific, engineering,
and primarily experimental research tasks, the new Soyuz space-

craft has a multipurpose mission.

The presence of two compartments — the cosmonaut capsule
(reentry section) and the orbital module — provides more living
space for the cosmonauts to work and rest in. The possibility
of extensive maneuvering in orbit with the aid of automatic and
manual systems makes it possible to join two ships in orbit and
replace the crews of large orbital stations. The possibility
for the cosmonauts to exit into outside space permits man to

participate directly in the assembly of orbital station sections /26

launched into an assembly orbit. This 1s far from a complete
listing of the tasks which can be carried out in accordance
with the Soyuz program.

The increased complication of the tasks which can be under-
taken by the Soyuz ships has led to increase of the number of
instruments. This is particularly clearly seen in comparing the
instrument panels of the Vostok (see Figure 3) and Soyuz ships.

In Soyuz, instrument panels are provided not only in the
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cosmonaut module, which is the central control station for the
.ship, but also in the orbital (living) section of the spacecraft.

Thus, in the course of the space vehicle development, we see
a clear tendency toward increase of the number of instruments
from one class of ship to another. There is no doubt that on
the future spacecraft, and particularly on the interplanetary
ships, the number of instruments presenting information to the
operator will increase progressively.

The main difficulty in the case of indirect control of the
ship through iInstruments lies in the fact that the operator must
not only rapidly and correctly "read", i.e., correctly determine
the indications of the instruments, but must also rapidly (some-
times nearly lightning-like) analyze these data, mentally picturing
the interconnection between the instrument indications and actual
reality. This means that he must, on the basis of the information
model (instrument indications), create in his mind a conceptual
model of actual reality. In order to transform the indications
of the individual instruments into an inner picture, for example
a flight trajectory, the cosmonaut must perform a large number
of complex information transformations. First he must analyze
(decode) the instrument indications, and only then synthesize
them into an integrated image of the situation. We shall go
into these processes 1in more detail in the chapter on {"Orientation
of Man in Outer Space". Here we simply noté that the possibility
of interpreting the information presented to the operator with
the aid of the information model requires that the psychophysio-
logical capabilities of the human operator be considered in
creating this model.

Engineering psychology 1s carrying out a wide range of
studles on the rate and precision of instrument indication
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readout as a function of scale shape, size, and so on. Although
this problem is considered relatively simple in engineering
psychology, we consider it advisable to present an example from
flight experience which shows that even here everything must be
worked out and thought out to the very smallest details in order
to completely exclude various eventualities.

During a night flight, an airplane was approaching the
field after completing a mission. Engineer-colonel M.~
Kotik reported that the flight controller transmitted the fol-
lowing message to the airplane: barometric pressure 753 mm,
cross the marker at an altitude of 1500 m.

The pilot pushed the stick forward and throttled the engines
back. The airplane started down and the crew got ready for
landing. But then something unforeseen happened. The pilot
crossed the inner radio marker at an altitude other than the one
he was instructed to use. There were other airplanes at this
altitude. The error was so serious that the flight controller
had to intervene immediately. Only his quick and decisive
actions prevented an in-flight collision.

In analyzing this case it was found that during the landing
approach the pilot misread the indications of the barometric
altimeter. He read the instrument indication of 1100 m as 100 m.

The barometric altimeter on this type of airplane had two
pointers. At an altitude of about 1100 m its large pointer,
which indicates hundredsof meters, covered the small pointer,
which indicates the altitude in kilometers. In this case the
Pilot saw on the altimeter scale only the single large pointer,
located near the 100 m division, and read the flight altitude
from this pointer.
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The speclalists in the field of engineering psychology posed
the question of whether or not it is possible to facilitate the
problem of instrument readout by the operator and in place of
the individual partial indications (or along with them) show
graphically the attitude of the controlled vehicle in space.
Satisfaction of these requirements ensures, other conditions
being the same, maximal speed and reliability of information
processing by the operator with minimal strain on him. Follow-
ing this idea, the engineers along with the psychologists
developed a new submarine control panel.

The desired direction of submarine travel is represented on
a cathode ray tube screen in the form of a light path extending
toward the horizon. The strip is divided by dark transverse
bands which appear to approach the helmsman. The helmsman feels
as if he were guiding the sub along a corridor; if the sub de-
viates from the desired course or desired depth, the impression is
created that the sub is about to run into the roof or wall of
the corridor. Speed change 1s sensed by change of the rate of
"approach" of the bands. We see from this description that here
the information 1is coded so that its perception yields nearly a
graphical picture of the behavior of the controlled vehicle

(submarine).

Such instruments have been called contact analogs, which
yield a "pictorial" representation of the situation and cause an
effect of réality. An example of their use 1n spacecraft is the
"Globus™ which we mentioned above. But the information from
such instruments is qualitative and must often be supplemented

with quantitative data coming from conventional indicators.

Zinchenko points out that in order to 1lncrease the informa-

tion processing rate it is necessary to study the composition
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of the operations with the aid of which the information model is
transformed into the conceptual model, and also the time for
performing each of these operations. In order to create the
optimal conditions for expeditious and precise control, we must
make the content of the information and conceptual models as
similar as possible and thereby reduce the number of operations

necessary for creating the conceptual model.

We note that the difficulties are not limited to the com-
plexity of indirect (i.e., through indicators and instruments)
reception of information on the external situation; the diffi-
culties are also often associated with rapid transitions from
complex indirect orientation in space on the basis of the instru-

ments to the simpler orientation accomplished visually.

The abrupt transition from the'perception of the limited
information contained in the "information model" to the excess
information obtained as a result of visual perception of the
surroundings (for example, as an airplane breaks out of the
clouds during flight under instrument conditions) in many cases
leads to peculiar neurotic disturbances of the higher nervous
activity. These disturbances are close to the "brief breaks of
higher nervous activity" in the case of neurasthenia, described
by N. S. Davidenkov, and are characterized by paroxysmal onset,
interruptions in thinking, followed by an emotional reaction of

the fright type with vegetative syndrome.
A characteristic example is the singular state of conscious-
ness which developed in flight with 33-year-old pilot L during

flight in instrument conditions‘(observation by O. N. Kuznetsov).

After performing a mission at an altitude of 6000 meters,
above the clouds, the pilot returned to the airport area and
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initiated a letdown through the clouds using the blind landing
system. The airplane entered the clouds, broke out below the
clouds, and then suddenly zoomed back up into the clouds to an
altitude of 400 meters, after which it again descended, and after
normal pattern under the clouds made a normal landing. To the
flight commander's question about the reason for the strange
violation of the flight pattern the pilot said: "It seemed as
if my thoughts just stopped. I don't remember what I did

.the last thing I recall is that the instrument indications were
normal. . . it's as 1f I lost consciousness but I really didn't."
This condition occurred as the airplane broke out of the clouds
and was transient. The pilot continued to fly the airplane
during this period. After landing it was noted that his skin
was pale, he was sweating and in a depressed state. In the
hospital he expressed several neurotic complaints. An objective
investigation showed vegetative instability, animation of the
tendon reflexes (accompanied by general twitching), tremor of
the fingers and eyelids in the Romberg posture. Emotional in-
stabllity, irritability, and poor sleep were noted. Talk of
what had happened was very disturbing. No epileptoid activity
was noted on the electroencephalogram. Pressure chamber tests
showed good tolerance to hypoxia. His timing sense and the fact
that he flew the airplane eliminated the hypothesis of any com-
plete loss of consciousness of an epileptic nature.

The neurotic disruption of the higher nervous activity
experienced by pilot L occurred when the "excess" information
from ground objects was combined with the limited information
flow provided by the instruments. The pilot must now not only
interpret correctly the instrument indications, but also rapidly
synthesize the new information with that received previously
into an integrated image. And this requires a high level of
conditioning and self-control.
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Similar difficulties in the functioning of an operator can
also be caused by the "behavior" of automated equipment. On
the basis of studies of the fundamental characteristics of auto-
matic processes, l.e., processes taking place in closed loops,
the possibility of spontaneous deviations in theilr activity of
a random nature has been established. Sometimes a small external
disturbance or impulse is enough to cause the appearance of an
unexpected, seemingly "motiveless" deviation after some time in
the operation of the automatic system. These deviations, which
arise "by themselves", in many cases may lead to the development
of neuroses in the operators. An example of a neurotic disrup-
tion in the case of unusual "behavior" of defective equipment is
the following case, described by F. D. Grobov.

During repeated simulated bombing flights, the "blind bombing"
instrument used by navigator P repeatedly failed. After operat-
ing quite properly on the ground, this instrument would fail at
a definite altitude and prevent completion of the mission. This
situation was accompanied by corresponding reactions of tension,
irritation, and annoyance. But a particularly unpleasant aspect
was the fact that upon descent to a definite altitude and return
to the airport the instrument automatically began to work again,
and when checked on the ground this put the navigator in a very
awkward position. Later on, after he had photographed the instru-
ment at the instant of failure in flight, i.e., "caught it red-
handed," the instrument failure was demonstrated,and it was
shown that the navigator was not at fault. However, in the
course of these events the navigator's behavior seemed so unusual
to the doctors that he was put in the hospital, where he was
twice subjected to psychiatric examination. As a result of the
studies the navigator was found to be in good health and ap-
proved for flight without any limitations. However, the con-
clusion was delayed,and this class I navigator failed to perform
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a mission,even with instruments in good condition, and brought
unreleased bombs back to the field. He had to be transferred
to transport aviation duties.

This situation showed very clearly the interrelations be-
tween man and an instrument which demonstrated, figuratively
speaking, "insidious and crafty characteristics". This situa-
tion demonstrates the specific psychological difficulties in
working with instruments which have not simply limitations or
defects, but rather inadequate stability of their "behavior".
Inattention to the interactions between man and instruments may
lead to undesirable consequences in the performance of the oper-
ators of future spacecraft. This is particularly so because of
the fact that the interplanetary spacecraft will be loaded down
with electronic self-adaptive systems, i.e., systems, which after
receiving the information,will themselves seek out the optimal
operating regime with account for the varying external and in-
ternal conditions. Such systems do not have rigid programs
which are specified once and for all. Consequently, there is a
good possibility that the electronic automatic systems will be-
gin to present various surprises.

The cosmonauts must be familiar with the possible deviations
in the operation of the instruments, but at the same time they
must have faith in the instruments. Neurotic disorders may arise

in cases where the operator no longer believes the instruments
at all.

The development of neuroses in operators who do not have

faith in the automatic systems can be illustrated by the follow-
ing observation of F. D. Gorbov.
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Navigator Z, an experienced specialist, was sent to the
hospital for extended observation because of his neurotic con-
dition. When admitted he showed irritability, emotional insta-
bility, and inability to sleep. Questioning disclosed that the
patient became very fatigued during flight, and it was particu-
larly difficult for him to perform the practice bombing mission,
which he had previously enjoyed. It was also found that he had
previously received commendations for practice bombing on air-
planes not equipped with autopilots. He had reacted quite nega-
tively to the introduction of bombing with the autopilot engaged,
since he felt autopilots were not sufficiently reliable. For
some time he avoided using the autopilots, then he, like all the
other navigators, was forced to carry out bombing using the auto-
pilot. He then began to feel tension building up, fatigue,
complained of headaches and irritability. However, he did not
refuse to fly and did use the autopilot.

In the initial conversations with the patient in the hos-
pitals there was no mention of the fact that his condition was
associated with the difficulties he had encountered with the new

bombing technique. It was only from the extreme irritability

~
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and the unusual emotional coloration with which the patient

spoke of the autopilot that 1t was possible to identify the
situation bothering him. The patient himself was amazed when it
was found that he, the "opponent of the autopilot", used the
autopilot more than others, even engaging it prematurely. In
his behavior, he was reminiscent of the artisan who 1s assigned an
an undesirable assistant. At first the artisan attempts to

avoid the assistant but then, seeing that this is to no avail,
walks away, slams the door, and leaves the whole business to

the assistant.
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Naturally, we don't claim that this 1s a complete discus-
sion and analysis of the questions of information perception
with the ald of instruments and processing of the information
into a mental image. Here we have simply tried to show how com-
plex this problem is and how seriously it must be approached in
order to ensure highly efficient operation of the man-spacecraft
system and prevent the development of various neurotic disturb-
ances in the cosmonauts during long-duration flights away from
the earth.

The cosmonaut utilizes the pilot's panel to make inputs to
the spacecraft and its systems. The pilot's panel of the Vostok
spacecraft includes rotary knobs and selector switches which
control the porthole shutters and filters, the radiotelephone
system, and the temperature in the cabin. Also located on the
panel is the interlock for activating manual control and the
retro engine.

The Vostok manual orientation systems consisted of the Vzor
optical orientator, the control stick which provided change of
the ship's motion around three axes — heading, pitch and roll,
angular velocity sensors, and other components (Figure 4). The
Vzor device consists of two annular mirror-reflectors, light
filters, and a glass with a grid. Rays coming from the horizon
strike the first reflector, pass through the porthole glass to
the second reflector, which directs them through the glass with
the grid into the eye of the cosmonaut. If the spacecraft is
oriented correctly relative to the vertical, the horizon appears
in front of the cosmonaut in the form of a ring. Through the
central part of the Vzor instrument he views the area of the
earth's surface below him. The position of the ship's longitud-
inal axis with respect to the direction of flight is determined
from the "movement" of the earth's surface in the orientator
field of view.
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If there is a deviation from the vertical or if the ship's
longitudinal axis deviates from the direction of flight, the
cosmonaut uses the control stick to send commands to the input
of the angular velocity sensors. The latter generate signals
which are transmitted to the orientation reaction engines and
activate them. As a result the ship begins to rotate. As soon
as its rate reaches the desired value, the engine is turned off
and rotation continued by inertia. When the ship reaches a
definite attitude the cosmonaut releases the stick. This leads
to the appearance of a control signal which actuates the reaction
engine to reduce the rate of rotation. When the rate decreases
to the desired value the engine is turned off. From the psycho-
physical viewpoint the process of manual control of the angular
attitude of the ship differs considerably from the analogous
operation performed by the pilot of an airplane.

The airplane reacts relatively rapidly to control inputs,
whlle the spacecraft has considerable inertia. This leads to
the necessity for training the cosmonaut on specialized trainers
to develop these particular skills.

G. Titov was the first to perform manual orientation of a
spacecraft in flight. In his report he had the following to
say: "After an hour of flight, and in the dark of the night, I
engaged the ship's manual control as scheduled in the flight
plan. I must admit that this was not done without some trepida-
tion, after all,no one had ever controlled a spacecraft in
flight before. Would it follow the motions of my hands, I
thought, and put my hand on the control stick. Vostok-2 obeyed
my commands. It was easy to control the spacecraft. It could

be oriented in any given attitude."
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Figure 4. Block diagram of Vostok spacecraft
manual orientation system

1 — control organ; 2 — angular velocity sensor;

3 — orientation engine; 4 — vehicle; 5 —

Vzor orientator; 6 — cosmonaut; 7 — angular

velocity feedback; 8 — angular position feed-
back

All the inputs made by man to the spacecraft and its sys-
tems can be divided into two groups: regulating and controlling
actions. The objective of the former is to maintain certain
parameters, temperature or pressure in the cabin, for example
within definite limits. The controlling inputs, however, are
intended to perform some particular program (for example, change
of the spacecraft orbit in a definite space segment or perform /34

a docking maneuver).

In performing rendezvous and docking operations the cosmo-
naut works in the tracking mode. In this mode the docking tar-
get displaces in space and the cosmonaut, perceiving these dis-
placements directly, must control his ship so that he approaches
the target precisely. By use of the control organs, he displaces
the ship in a two-dimensional coordinate system. In this pro-

cess, he must maintaln the ship in a definitely oriented attitude
at all times.
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Concerning the rendezvous maneuver in the tracking mode,
G. Beregova wrote the following: "During the first orbit
Soyuz-2 was tracked by radio, and the process of automatic ren-
dezvous of the ships to a distance of 200 meters was initiated.
Then I took hold of the two control sticks, one located on each
side of the seat. This rendezvous of the ships using manual
control was a quite complex operation. It required good vision,
spatial sensing, and a delicate so-called tactile sense, which
made it possible for the pilot to adjust very precisely his
forces with the complex motion of the flight vehicle.

"The maneuvering took place above the dark half of the
earth's sphere — in the pitch darkness of the space night on
a background of brightly shining stars. Here is where the ex-
perience in test flying to intercept aerial targets came in
handy."

Radar operators, who try to maintain an airplane or rocket
flying at high speed in the "field of view", also have to operate
in a tracking situation, as do artillery gunners firing at mov-
ing targets, helmsmen holding a ship on course, and so on. But
prior to flights in space, all the knowledge of tracking activity
of operators had been obtained under earth-bound conditions.
This is why studies were made on the Vostok and Voskhod space-
craft prior to conducting the very critical and complex opera-
tions involving maneuvering and docking spacecraft in orbit.
These studies made it possible to identify the characteristics
of man's tracking activity under space conditions. Such a prob-
lem was first posed to P. Popovich.  He had the following to say
about the results of the experiment: "I oriented the ship with-
out any particular difficulty, and tried to track objects on the
earth's surface. This was not hard to do. By use of the
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control stick I could "stop" objects on the surface and observe
“them in the central part of the Vzor sight.

"My next task was to orient the ship on the dark side of the
earth. At this time the earth was illuminated by moonlight.
The ship was oriented quickly, using the visible cloud cover.
The clouds in the central part of the Vzor sight were light gray,
while those in the outer ring were white. It is not difficult
to orient oneself using the clouds, one can even tell when they
"move". This 1s easily seen because of the fact that the clouds
are not continuous and the dark earth can be seen through the'
the gaps.

"I was able to maintain stars in the center of the Vzor
sight quite well, which is very important for future astronomical
observations. After locating a constellation, I selected quilte a
bright star, located to the right and high in the inner ring of
the Vzor sight. As I watched, the star moved a little, and
shifted nearly along the upper edge of the sight but a little
below the edge. As soon as it approached the center, since I
had already activated the orientation control, I deflected the
control stick and drove the star to the center. My general con-
clusion was that it is possible not only to orient oneself by
the stars in space, but also make atronomical observations of
the stars."

From this observation we see that the cosmonaut, perceiving
directly the "drift" of the star from the field of view, uses
his inputs to the control organs to try to "retain" the star in
the center of the Vzor sight. However, in his actions he lags
somewhat behind the continuously moving object (in the case
cited, the star remained fixed in place and the ship moved, but
this does not alter the essence of the operator's actions in

46

~




the tracking process), and tries to eliminate this lag in order to
achieve fast and precise alignment of the sight (center of the
Vzor instrument) and the target (the star).

It is particularly difficult to perform the tracking process,
"stlcklng" to the target, when the operator cannot predict the
changes 1n the signal movements. The operator tries to sort of
guess the future movement of the target in direction and rate
and even determine its motion by the sight. The skill in per-
ceptive extrapolation, i.e., the ability to predict, is developed

in the training process but is often realized subconsciously.

The psychologist William James wrote: "We can assume that
a good two thirds of emotional 1ife consists just of these pre~
liminary thought schemes which are not clothed in wérds. How
can we explain the fact that a man reading a book aloud for the
first time 1is capable of giving his reading the correct ex-
pressive intonation if we do not suppose that upon reading the
first phrase he already gets a rough ldea of at least the form
of the second phrase, which merges with his understanding of the
meaning of the glven phrase and alters in the mind of the reader
his expression, forcing him to put the proper intonation in his
volce? Expression of this sort nearly always depends entirely
on the grammatical construction. If we read 'no more' we expect
'than' to be next, if we read 'although' we know that there will
follow later 'however', 'nevertheless', 'still'" (cited from
Ivanov, 1969, p. 247).

Using the methods of mathematical analysis developed in
automatic control theory, and studying the nature of the changes
taking place in the input signal as a result of its passage
through the system under study, psychologists have been able to
describe mathematically the dynamic properties of man operating
in the tracking mode. It is well known that these functions

~
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are the ratio of the images in the form of the Laplace transform
of the signal at the system output to the signal at the system
input. Therefore, experiments in which one of the authors
(Leonov) participated were conducted aboard the Voskhod-2 space-
craft to study the influence of space flight factors on the
ability of man to control objects in the tracking mode.

The data obtained were analyzed by E. A. Ivanov, V. A. Popov,
and L. S. Khachaturyanets.

A signal in graphical form traveled over the screen of a
special apparatus. The cosmonauts were assignhed the task of
following this signal with a sight-stylus which was rigidly con-
nected with the control stick.

This technique was used to study cosmonaut |reaction in the
case of direct and delayed feedback, i.e., an inertial control
system was simulated. In both cases, the cosmonaut's task was
to minimize the difference between the input and output signals.
The contrast of the given curve was about 0.85. The shape of the
curves, the sequence in which they were shown, and the exposure
duration were the same in all stages of the experiment. The
tape feed past the screen was stable at 5 mm/sec. This made 1t
possible to evaluate to some degree the latent periods of the
cosmonaut's reactions under various conditions of preparation for
and conduct of space flight. In all stages of the study, other
than the in-flight investigations, the reaction measurements were
made three or four times under normal conditions and with the
simulation of certain space flight conditions which can be re-
produced on the ground. The in-flight investigation was carried
out twice. Each reaction measurement included 50 sinusoidal

signals and 22 rectangular pulses, arranged in alternating order.
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The data collected by the cosmonauts permitted statistical

analysis using an electronic computer.

shown in Figure 5, 6, and 7.

Figure 5. Mean square track-
ing error for A. A. Leonov in
various flight stages

1l — gspace flight; 2 — pre-
launch period; 3 — spacecraft
trainer; 4 — ground trainer

The study of the dynamic
characteristics of the cosmo-
nauts in this experiment made
it possible to determine:
the amplitude-frequency char-
acteristic [A (w)], phase-
frequency characteristic

[¢ (w)], autocorrelation func-

Averaged results are
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Flgure 6. Autocorrelation

funetion of tracking parameter
for P. I. Belyayev
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Figure 7. Autocorrelation
function of tracking parameter
for A. A. Leonov

tion (R); cross-correlation coefficient (r), transfer function,

and certain other characteristics.

The input signals were in the form of a unit time function

Ui =41,

for A = const.
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in the form of a linear time function

Ulin®=4-@, foriA = const.
in the form of a sinusoidal time function
Ulin (t)=Asin.ot for A = const.

of noncritical frequencies in the range from 0 to 1 Hz.

In the first stage of the data analysis the mean square
errors of the operator were determined for the various sinusoidal
signals (see Figure 6). These data showed that the quality of
human operator activity in the control of objects in the tracking
mode changes under the different experimental conditions. The
conditions of the external medium (influence of the space flight
factors — mainly weightlessness, since the experiment was con-
ducted during the seventh-eighth orbit) have more effect on con-
trol of signals with frequency above 0.5 Hz. The scatter of the
errors in the prelaunch period is also high.

The data obtained using the two cosmonauts were identical
in nature. This gave some basis for the authors cited above to
consider that Leonov's walk in space had no significant influ-
ence on the quality of his subsequent control activity.

The dynamic characteristics of the cosmonaut-operators are
most graphically illustrated with the aid of the autocorrelation
function. Figures 6 and 7 show the corresponding curves ob-
tained for both cosmonauts two hours prior to launch and during
flight. Analysis of these curves (damped cosinusoids) shows,
first, that the relative quality of the in-flight tracking 1is
somewhat better for Leonov than for Belyayev, and, second, that
there 1is deterioration of this form of activity for both cosmo-
nauts in flight in comparison with the prelaunch period.

50




Studying the nature of the cosmonaut's reaction to the step-
function input signal, the authors note a definite range of
variations in the motor reaction latent period. Thus, the motor
reaction latent period oscillated in the range from 175 to 185
sigma for Belyayev during training sessions in the spacecraft
trainer, and during the prelaunch period. In flight this quantity
amounted to 300 - 320 sigma. These marked variations in the mag-
nitude of the motor reactions were not noted for Leonov. The
results obtained in the spacecraft trainer, during prelaunch
and in flight, were similar and varied in the limits of 180 - 185
sigma.

Studies of the dynamic characteristics of the cosmonaut in
the tracking mode were also made for the case with lagging (de-
layed) feedback for an input signal frequency of 0.06 Hz. Ac-
cording to Zinchenko and other authors, this technique makes it
possible to study perceptive extrapolation, which we mentioned
above. For these tests, the screen through which the cosmonaut
tracked the input signal and the stylus-sight is partially
covered by a shutter, so that the operator must essentially pre-
dict the behavior of the input signal, and on the basis of this
act through the control organs on the stylus-sight.

The cross-correlation coefficients for the conditions with

lagging feedback (signal 0.06 Hz) are expressed by the following
quantities:

Stage Corre}ation

' coefficlent
P.| Belyayev Spacecraft trainer 0.70
Prelaunch 0.74
In flight 0.83
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Correlation

Stage coefficient
A. Leonov Spacecraft trainer 0.58
Prelaunch 0.87
In flight 0.88

We see that the data obtained in flight are better than the
values obtained on the ground. Worthy of note is the opposite
tendency of the changes in work characteristics of an operator in
flight in the absence of feedback without delay, and feedback with
delay. At the present time we are not able to explain the reason
for this fact. In all probability only further studies under outer
space conditions will make it possible to explore and explain these
phenomena. However, the experiment conducted makes it possible
to conclude that man's dynamic characteristics under the influence
of one-day space flights do not undergo any very serious changes.
This experiment also showed that human activity with an input
signal having a frequency higher than 0.5 Hz was most influenced
by the space flight factors.

The cosmonaut's activity as anoperator is not limited simply
to control of the ship in space and observation of the operation
of the on-board systems. Radio communications are also an im-
portant cosmonaut activity. Radio transmission sometimes reaches
high rates while the cosmonaut 1is at the same time performing
functions involved with controlling the ship and its systems.

An example of this radio communication rate is Leonov's walk in
space. During this task there were 460 radio transmissions
between Belyayev and Leonov, and also with the ground control
stations.

Following is part of the radio conversation during Leonov's
space walk:
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Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

The airlock hatch is opening. I see light. The air-

lock hatch is moving. The airlock hatch is fully open.
Roger, roger. Zarya-4, this is Almaz. I read you.
Almaz-2 just opened the airlock hatch, the hatch is
open.

Everything is going fine. All's going well.

This is Almaz, over.

Lesha, give me a report. How

are things going, Lesha?
Everything's fine. I'm already at the edge.
Almaz-2 is going out.

Is the movie camera on?

This is Almaz-2.
Throwing it away.

Roger. I'm taking off the cover.

The Caucasus! The Caucasus! I
see the Caucasus down below. I'm moving away.
This is Almaz. The shifting of the mass is affecting
the ship.

Watch out, I'm approaching the airlock.

OK, OK, I see you fine.

I'm starting to move away again. It seems to me that
my position affects the ship.

This is Almaz. When Leonov moves away from the ship
it affects the ship as a whole... You're well away
now, how are things going, Lesha?

Fine! Fine!
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Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Leonov:

Belyayev:

Two minutes left!

0K, OK.

loose.

Right away. I can't get the movie camera

Get ready to come back in.

Roger, roger. I got the movie camera loose, its loose!

Almaz-2 feels fine.

got the movie camera.

He i1s entering the airlock. He
Lesha, take a rest. Don't talk.
Are you in the airlock?

I'm in, I'm in!

When you're ready tell me to close the hatch.
You can close it now.

I'm closing the airlock hatch. I'm closing the hatch.
It's closing.

The hatch cover is closing.

Vesna, This is Almaz. Almaz-2 1s in the air-
The airlock hatch is closed.

This is Almaz, over.

Zarya.
lock chamber.
thing is A-OK.

Every-

As a spacecraft travels further from our planeﬂ,radio com-

munications cannot be carried out in the "telephone conversation"

mode as in the above example.

We have already mentioned that

radio signal transmission time will be about 2.5 seconds when
the vehicle 1is in a selenocentric orbit or on the surface of the

moon.
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distances the cosmonauts will receive certain information in the
form of a message and will transmit the answer in the same form.
This is reminiscent of the exchange of telegrams between two

individuals located in different cities on the earth's surface.

Experience in orbital flights has shown that when conducting
radio communications with control stations and spacecraft, various
errors may arise in both information transmission and reception.
As an illustration we shall reproduce several examples from the
book "Psychology and Space", written by Gagarin and one of the
present authors.

During the first day-long flight Titov, carried on intensive
radio communications with the ground control stations. "The only
case when they did not understand me on the ground," he said,
"was not the fault of the radio equipment. I heard music on one
of the short wavelengths. The station in the Far East was play-
ing a record of the 'Amur Waves' waltz. I love that waltz and
when the station operator asked: Well, how did you 1like that??',
I answered: 'Thanks, I liked it.' The station operator immedi-
ately put the tape on again. Then again, and again, and again.

I transmitted: 'Thanks friends, but change the record.' 'I read
you,' the answer came back. And after a minute of silence I
again heard . . . 'Amur Waves'. That's how well they understood."

A no less comical case occurred with Vostok-5. During his
five-day flight Bykovskly reported on the radio that "for the
first time there was a space rocker." At the control station
this message we received as "space knock". Naturally this mes-
sage caused some concern, since they figured the cause of the
"space knock" was an encounter with a meteoritic body. The
concern over the cosmonaut continued for nearly an hour, since
the ship went out of radio communication coverage on the UHF
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channel during this time. As soon as he entered the next radio
communication zone in the next orbit, questions were immediately
asked about the nature of the knock, where and when the cosmonaut
heard the knock, what was the cabin pressure, and so on. Only
after a new radio exchange was the concern over the cosmonaut

alleviated and the information understood properly.

While in these flights erroneous reception and transmission
of information was rectified after a comparatively short break
in communications, in the case of long interruptions incorrectly
received information, and therefore incorrect conclusions and
inferences made on the basis of this information, could lead to
undesirable consequences. But even in the case of correctly re-
ceived information of a nonstandard nature, the operator may come
to incorrect conclusions under certain circumstances. The oper-
ator bases his activity on the information stored in his memory
and the information transmitted from the control center. Errone-
ous conclusions may also arise in the case of transmission of
insufficiently complete information concerning a particular
event. It seems to us that the observation of cosmonaut K, made
together with O. N. Kuznetsov by one of the present authors, can
serve as a model of such a situation.

Cosmonaut K was undergoing a test for neuropsychic stability
in an isolation chamber. On the tenth day of the test, which
fell on a Sunday, he had a conversation with the designer S. P.
Korolev.

The senior medical officer, after iswitching on the inter-
phone system, said: "Comrade K, designer Korolev would like to
speak with you." The cosmonaut replied that he was ready to talk
with Korolev but that he would prefer not to be doing 1t from

the isolation chamber. Korolev congratulated K on his successful
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conduct of the test to date and wished him successful completion
of the test. The cosmonaut thanked him for the warm greetings
and this was the end of the conversation. .

The information obtained by the cosmonaut in the isolation
chamber did not in itself contain any false data, but because of
its incompleteness i1t was interpreted erroneously. In his final
report after the experiment the cosmonaut said: "The conversa-
tion made me think as follows. First it was Sunday; second, it
was in the evening — and suddenly designer Korolev appears in
the isolation chamber control room. When the conversation began
I decided that this was the end of the test, they are going to
let me out. When they said Sergey Pavlovich another thought
came to me: 'This means they are not going to let me out. They 're
Just putting on a show. But why is he here?' 1Isolation had led
me to have strange thoughts. I decided that I had probably been
given some flight assignment. That's why Korolev is here even

on a Sunday evening and is going to discuss this assignment."

The incorrectly interpreted information caused emotional
stimulation of the cosmonaut which continued until the end of the
experiment and affected the results of his performance of the

experimental-psychological tests and soundness of his sleep.

The lack of information on what was going on in the City of
the Stars and chance coincidence (conversation with Korolev in
the evening hours of a day off) led to a very subjective probable
conclusion, closely associated with the professional interests
of the cosmonaut. The real reason for Korolev's visit to the
city, being subjectively unlikelj,and not associated with the
circle of interests of the cosmonaut, was not taken into con-
sideration by the cosmonaut at all.
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It seems to us that this is a very good model of the situa-
tion in which correct but insufficiently complete information,
obtained under conditions which do not permit the cosmonaut to /4

learn any more, can be associated with random circumstances and
lead to false conclusions.

In long-duration flights the professional cosmonaut will act
not only as an operator,but also as a technician. In case of
failures of the automatic equipment or any other breakdowns in
the hardware, he will be faced not only with the task of finding
the cause for the equipment malfunction,but also putting the V
hardware back into working order. To do this the cosmonaut must

know the spacecraft systems and equipment perfectly.

In order to study the construction of the spacecraft and its
systems, the cosmonaut participates in the mockup activity, layout
of the ship, development and checkout of its systems in the test-
ing laboratories and on the launch pad, participates in technical
meetings to resolve problems which arise, and helps in writing
and rewriting the flight plan and flight documentation. It is
obvious that these questions can be resolved only by a cosmonaut
who has a good engineering and technical background. This train-
ing occupies an important place in the over-all system of
cosmonaut preparation.

In the rapid development of space technology, the single-
place Vostok and Mercury flight vehicles have been replaced by
the multiplace Voskhod, Soyuz, Gemini, and Apollo ships. In this
connection, space psychology has been faced with the question of
multiplace spacecraft crew teamwork.
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IMPORTANCE OF CREW TEAMWORK IN CONTROLLING A
MULTIPLACE SPACECRAFT

Engineering psychology must
not forget the fact that it
deals with man — a social
creature, the subject af work
and social relations, and the
subject of 1life in all its
fullness.

A. N. Leont'yev

The flight of the multiplace Voskhod spacecraft with the crew

consisting of pilot-cosmonaut V. Komarov as commander, scientist
K. Feoktistov, and doctor B. Yegorov was a qualitatively new
step in the exploration of outer space. The Soviet multiplace
Voskhod spacecraft is the harbinger of a class of spacecraft

which will permit man to visit Mars and the other planets.

In \carrying out space flights on the Voskhod and Mercury
spacecraft the cosmonaut performed navigational, piloting, and
other functions in the man-spacecraft system. The spacecraft
controlled by a crew consisting of several individuals is a more
complex system. In this system there is a division of functions
among the crew members: commander, flight engineer, radio obera-
tor, and so on. Without going into great detail, we shall simply
note here that during long space flights each crew member will
perform several functions. But we emphasize that each individual
in the multiplace spacecraft, while controlling "his" hardware,
is associated with the other crew members and also with the hard-
ware and system as a whole, which can be characterized as a
"man-man-machine" system.

Thus, on the one hand, relatively narrow specialization and
separation of the piloting, navigating, communicating, and other
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functions leads to more highly skilled performance of the tasks
of controlling the multiplace spacecraft in comparison with the
single-place ship, where all these functions are performed by

a single man. On the other hand, this division of functions
among the crew of the multiplace ships requires precise coordina-
tion of the actions, profound mutual understanding between the
members of the crew, skill in performing operations to supplement
the work of another crewman in order to perform a common task
successfully. Only in this way can the very complex problems
which face the spacecraft crew in carrying out the flight mission
be solved at a high level.

Crew teamwork shows up most clearly in performing tasks
under time deficit conditions. These cases disclose the inade-
quacy of a general correct understanding of the task by each
member of the crew and the crewman's high awareness and quite
high professional skills for successful performance of the task
facing the crew as a whole. Even experlence in modern aviation
has shown the need for a high degree of teamwork among the crew
members, which In small-group psychology is called "psychological
compatibility". This teamwork may not always be sufficiently
good, and in such cases, 1n splte of the fact that the pilot,
navigator, radioman, and operator perform theilr individual func-
tions quite well, integrated performance of the complex airplane
control problems is not achleved. In such cases, nelther analy-
ses, nor administrative or soclal measures are of any help.

Each of the crew members feels the common failure deeply, but
the results do not improve. As a rule, "psychological incompati-
bility" between the crew members shows up in the performance of
critical ship maneuvers (landing under instrument conditions,
aerial refueling, "blind" bombing, and so on). The conflicts
develop most sharply under these conditions and sometimes the
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members of such psychophysiologically incompatible crews develop
neuroses. We present the following observation as an example.

A transport airplane crew consisting of four members (pilot,
copilot, navigator, and radloman) experienced problems while per-
forming the most critical and difficult operations (night para-
chute drops and instrument landing approaches) which could lead
to an accident (imprecise approach of the alrplane to the landing
trajectory, errors in dropping parachutists, and others) because
of uncoordinated actions of the navigator and the pilot. As a
result of this, the professional activity of the crew took place
with excessive emotional stress among all the crew members, and
quife frequent and stormy conflicts developed between the pilot
and the navigator, which led to the development of personal
animosity. As a result of long-term professional psychotraumatism,
the navigator developed neurasthenia, which made it necessary to
relieve him of flight duty for a period of time, and the pilot
was found to have a duodenal ulcer. After treatment, the navigator
and pilot were assigned to other crews, and continued their flight
activity with no problems. There were no relapses among the
crew members during six years of subsequent observation.

Instructor pilot G. I. Kalashnik writes: "Experience sug-
gests that where the professional preparation and discipline of
each member of the crew is maintained in the group by cooperation

and mutual assistance, success is assured.

"The pilot, radioman, flight engineer, and navigator must
know their jobs perfectly. But they must also know well what is
involved in the range of duties of their fellow crew members, and

must, 1f necessary, act as backup for one another.

61



"T can remember dozens of cases when the absence in the crew
of backup capabilities, mutual monltoring, and the feeling of
crew solidarity led to serious flight accidents.

"Under difficult conditions (flight with 'weather ceilings',
failure of equipment, and so on), the crew's 'strength and integ-
rity' are put to the test. It's a bad situation if under these
conditions each crewman begins to twiddle his thumbs and rely
only on the commmander.

"An emergency situation should not catch the crew unawares.
Here everyone should be on the alert and the team should act as
a single unit. Obviously this confidence in one another comes
with time. Only long periods of working together Imake it pos-
sible to know one another's capabilities."

At first glance it may seem that the basis for lack of team-
work in the crew might be the absence of friendly relationships,
lack of regard for one another, or even dislike of one another.

A more profound analysis shows that the basic reason for lack

of unity among the crew members lies in the absence of the proper
contact and mutual understanding of the flight activity, accom-
panied by failures in flight operations.

The experienced commander and human engineer skillfully
identifies the individual psychological characteristics of
a poor flight crew, and on the basls of empirical experience,. he
can usually resolve correctly the problem of reassigning crews.
Most often a pilot who is not working well with his crew is as-
signed an experienced navigator who has flown with many pilots,
while a navigator who is not working well with the rest of the
crew 1s assigned to the crew of a highly experienced pllot.
Jumping ahead somewhat, we can say that from the viewpolint of
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small-group psychology the pilot who has flown with various navi-
gators and the navigator who has flown with many pilots have a
broad range of capability for understanding, coping with, and
adapting to different individual characteristics. This then
ensures the development of the required teamwork in their joint
activity and the achievement of excellent results in flight
operations.

There were reports that during World War II one of the
American aerial bombing units was suffering serious losses. The
psychologists suggested a solution: crews were shifted around
in accordance with the results of psychological tests and the
losses were reduced sharply (citation from Ryzhov, 1967). From
this we might conclude that crew selection for a spacecraft is
quite simple: pick the required specialists, study the individual
psychological characteristics of each, and start training the
group selected in this fashion. However, we know that a team
composed of individually strong athletes — "stars" — sometimes
loses to a team comprised of weaker players who play well
together. »

Experimental studies have also shown that even if we know
well the individual characteristics of each of the members of a
group, we can by no means always predict from an experiment simu-
lating the group activity how successful the activity of this
group as a whole will be, and what interrelationships will de-
velop between the individual members of the group. Knowledge of
the individual personality characteristics does not make it pos-
sible to judge how the actions of a particular individual will
fit in with the actions of the group. A group is not the arith-
metic sum of the individuals, but rather a unified organism,

in which special relationships begin to show up.
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While in aviation, teamwork is developed in the process of
repeated flights as members of a crew, and in the case of psycho-
physiological incompatibility there is the possibility of re-
assigning crew members, this possibility does not exist in the
case of space flight. Therefore the human engineers and psycho-
logists are faced with the problem of selecting and training a

well-coordinated crew prior to a flight directly into outer space.

This is why it is urgent to study the relationships which
come into play in small groups and develop scientific methods for
the selection and training of highly coordinated spacecraft crews.
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The relationships which determine the "psychological com-
patibility" of a group of people are of interest not only to
space psychologists, but also to production organizers, sports
team coaches, commanders of military units, i.e., everyone as-
soclated with the organization of individuals into a group for
the performance of a particular task.

Concrete studies in the field of "collective reflexology"
were initiated by the Russian psychoneurologist V. M. Bekhterev.
Studies on rational staffing of production groups to increase
labor productivity were conducted in the Soviet Union in the
1930's at the Institute of Work Safety (0. P. Kaufman, R. I.
Pochtareva, and P. G. Markir). Detailed recordings of the work
rate varlation of each member of this combined group showed an
interesting relatlionship which made possible a somewhat more pro-
found analysis of the reasons for microvariations during long-
term operation. In spite of the fact that the group was not
selected to have individuals with the same working rates, and
therefore we would expect a reduction of the work speed because
of slow workers holding the faster workers back, it was found

that the work rate in the entire group was not only accelerated
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(in comparison with the 1ndividual rates), but the work rate
became relatively more uniform. Even these initial observations
showed that under collective working conditions a powerful new
factor acts as an objective stimulus — this is the operating
cycle of another individual working alongside a given worker.

Experience in the preparation of sports teams gives dramatic
evidence of the importance of proper and rational selection of
individual members and their teamwork. Today's high level of
development in sports emphasizes the psychological factors, par-
ticularly the problem of team "togetherness", i.e., that combina-
tion of individual player tactics which ensures an optimal
strategy of the entire group. Doctor and psychologist M. Novikov,
speaking of "teamwork", indicates that it is assured by the exist-
ence of highly developed interconnections in the team and under-
standing of the partner's pattern of play. For example, the
famous Brazilian soccer player Pele, answering questions of cor-
respondents, characterized what he felt to be the "ideal" part-
ner, the young forward of the Brazilian all-star team, Kutinho,
as a player who is capable of guessing his (Pele's) moves.

Here we should note that although this "understanding" of
your partner's play has a superficially intuitive nature, in
actuality this can be explained by the development of a feeling
for probable behavior.
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Extensive sports experience also indicates that "together-

ness", just like crew coordination, is achieved only by combined

training in the course of a long time period.

In a newly formed and isolated group, "leaders" and "fol-

lowers" nearly always show up. A leader is one who imposes his
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will on the others, determining the tactics (line of behavior)

of the entire group in the solution of any particular problem.

It is particularly easy to investigate such group structure
in team sports. There the "leader" is either one who by active
actions "takes over the play", as we say, or skillfully guides
the actions of his partner.

Speaking of "leaders" and "followers", we should mention the
error of the idea that the "leader" is the best member of the
group and that the "followers" are second-rate members of the

group. In reality the leaders and followers are equally import-
ant in the group.

A particularly large contribution to the development of
group psychology has been made by the team of Sovliet scientists
headed by Professor F. D. Gorbov. This team of scientists has
suggested several scientifically based experlmental psychological
methods which have made 1t possible to determine how successful
the activity of the group as a whole will be, and what require-
ments are made on the individual psychological characteristics of
the personaltiy of each member of a specific group. Gorbov and
M. A. Novikov with the participation of Professor Ye.S. Venttsel?
and I.Ye. Tsibulevskiy developed the so-called homeostatic tech-
nique for studying the integral activity of a group as a whole)
and clarifying the position of each group member. It is inter-
esting that the basis for the development of this technique was
Gorbov's observation of the operation of a shower room of one of
the Moscow medical clinics. In this shower room there were four
cubicles, but the plpe diameter did not provide all the bathers
with an adequate amount of hot water. When four people entered
the cublcles at the same time it was possible to observe various
actions of the bathers, taken with the objective of creating a
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regime close to optimal. An attempt by one individual to achieve
the best conditions led to cold water beginning to flow to the

other cubicles, and this caused a reaction from the other bathers.

They began to turn their valves and as a result either cold water
or excessively hot water poured onto the first bather. Only by
avoiding egocentric tendencies was it possible to set a regime
satisfactory for all, which required "struggles" between various
action plans in a game situation. At times some one in the group
quite rapidly stood out and took upon himself the "guidance",
i.e., he became the "leader". When two or three individuals
contested for the leadership at the same time, the group became a
coordinated unit much more slowly. Such groups could not manage
the shower installation for a long time, or sometimes not at all,
interfering with one another all the time. The situation was
particularly bad when an individual who was not accustomed to
consider others was a member of the group. As soon as this in-
dividual left the shower the remaining individuals quickly
regulated the water supply regime.

An experimental reproduction of a situation close to that of
the "shower" was reproduced on a "homeostat" device. The homeo-
stat consisted of three or more consoles (one for each subject)5
The task for each of the members of the test group was to set
the pointer of an indicator to a zero mark. All the operators’
consoles were interconnected. During the test each of the sub-
jects, while obtaining information from his own indicator, could
act on thils indicator only indirectly, through action on the
indicators of his partners in the group. The experimenter could
vary the difficulty of the problems being solved from his control
console. The task was considered complete when all the operators
had set their pointers to the zero mark. Recording of the move-
ment of all the knobs and all the pointers on an oscillograph

made it possible to investigate not only the nature of the action
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of the entire group as a whole but also the tactics of[each of

the group members.

These studies established that group effectiveness cannot be
predicted on the basls of a priori individual criteria. Moreover,
when intensifying the mutual couplings between the members of the
group, 1t was found to be necessdry to alter the strategy of the
group as a whole, and replace the "parity" principle of operation
by the "authoritative" principle. [Conflict-type situations be-
tween group members were noted during the solution of the most
complex problems in these experiments. We shall present some of
Novikov's observations.

Subject A wants to be the leader of the group. However, this
level of individual pretension is not supported by his selection
of leadership tactics; he always adheres to primitive, inflexible
factics. In his behavior he is intolerant of the others. 1In
splte of the instruction not to converse with hls partners, he
instructs, criticizes, and needles his partner "Ivan", who works
more slowly but quite adequately. He becomes nervous, shakes his
head 1n annoyance, and sometimes rotates his console control knob
sharply and angrily to the right or left, thus causing disturb-
ances of the indicators which are illogical and confuse his
partners. During the operation he makes unmotivated actions
which are dictated by his annoyance.

In those cases in which the needle which has been slowly
traveling in the right direction unexpectedly and rapidly moves
away from the zero mark, subject P becomes highly indignant,
quits working, saying: "I don't know what to do." "I'm not going

to fool with it any more, 1t won't ever stop," and so on.
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There are three members 1in a group. They are having diffi-
culty solving the problems on the homeostat. Subject D 1s always
belittling subject T: "You should be hauling lumber rather than /50
working with a potentiometer." Toward the end of the problem he
began to criticize subject R. R was also very deprecating of
subject T. As a result of lack of coordination in their work,
all the subjects developed unfriendly relationships with one

another.

Novikov used the following technique for a special study of
conflict situations during the work with the homeostat. In the
first stage of the experiment, the group was trained and operating
skills were developed. 1In the experiments there were 27 groups
of subjects with 2 - 3 or more members in each group. In the
second stage of the experiment on operator activity, when the
operation was approaching the goal, i.e., the equilibrium state,
the experimenter introduced disconcerting "noise" from his control
console. During the experiment, recordings were made not only
of the operator activity parameters, but also of the vegetative
reactions of the subjects (pulse, respiration rate, galvanic

skin reflex, and so on).

The results obtained showed convincingly that the introduc-
tion of disconcerting "noise" as the system approached the stable
state caused a conflict situation, accompanied by neurotic re-
actions which are expressed in disruption of the previously de-
veloped dynamic stereotype in the operator activity, even to the
extent of loss of skill and inability to solve the problem, and
also change of the emotional-vegetative background of the

behavioral reactions.

All the subjects for which neurotic reactions were recorded

can be divided into two groups.
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Characteristic for the first group, constituting the major-

- ity, 1is dominance of behavioral reactions expressed in emotional
and speech uninhibitedness of the subjects, inadequate attention
fixation. The following observation can be used as an example

of such a reaction. Englneer V, not understanding the essence

of the disconcerting noise, transferred his irritation to the
instrument and his partners in the experiment. He shouted
irritatedly that the instrument was constructed improperly,
stupidly, that his partners were stﬁpid and untalented, and so on.

Bystritskaya and Novikov termed this type of behavioral re-
action to conflict a "local conflict", differentiating it from a
"diffuse conflict", in which there is no selection of an object
for relief of the conflict, and the subject refuses to continue
the experiment further.

Both individual experimental psychological techniques and
the theory developed in small-group psychology were naturally
used in selecting the first multiplace spacecraft crews.

It is well known that the individuals who were trained for
flight on the Voskhod spacecraft were strong-willed, each had
high professional qualifications as specialists in particular
fields of knowledge, and understood fully the responsibility of
the task assigned him. The human engineers, medical psycholo- é_l
gists, and training specialists studied carefully the psycho-
physiological compatiblility of the crew. Obviously,the matter
was not limited to experimental psychological investigations.
Their group activity was studied on the spacecraft trainer,

during sports training, and during work and rest periods.

During the initial stage of their preparation,there was
both combined training of the main and backup crews as a whole|,
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and individual work with scientific personnel and the doctor.
The latter helped in developing such skills as the handling of
radio communications, use of the 1life support equipment, and
SO on.

Since the time for the preparation of the scientist and
doctor members of the crew, who had not had previous flight
training, was limited, there was no possibility of providing
complete interchangeability of all crew members.

Then the cosmonauts went through training programs on the
Voskhod spacecraft trainer with the crew operating as a unit to
learn the in-flight operations. The combined training made it
possible for each member of the crew to get a feel for and appre-
ciate various aspects of the activity of the other crew members,
and to find the best technique for his own activity. 1In order to
study group teamwork, special attention was devoted to inter-
action precision when performing operations requiring participa-
tion of all three crew members.

The integrated training in the spacecraft trainer, conducted
in real time, showed that the crew worked smoothly together,
understood one another, showed mutual understanding and inter-
action, which made it possible to predict successful performance
of the flight mission. However, the high evaluation of the crew
as a whole did not exclude differences which depended on the

individual psychological characteristics of each individual
crew member.

During the training sessions, the Voskhod spacecraft com-
mander Komarov was relaxed and composed. During the preparation
for each exercise,he tried to ensure that he had a clear under-
standing of the task. After completing the exercise he made
systematic, complete, objective, and self-critical reports.
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During the joint training sessions Komarov's exceptional
qualities as a capable leader showed up clearly. He unified and
organized the crew tactfully, delicately, but insistently for
integrated, creative performance of the critical mission.

Characteristic of the scientist Feoktistov was innovative,
goal-oriented thinking in the preparation for each training ses-
sion. During the training sessions, he demonstrated a high degree
of keenness of observation, perseverance in the detailed study
of all the scientific observations and studies being carried out
by the crew. Typical of Feoktistov was the creative conduct of
each training session, and the original solution of certaln appar- /52

ently previously settled and stereotyped questions.

Characteristic of the doctor Yegorov was a very profound
analysis of his own actions during the training sessions, broad
understanding of the importance of the programmed medical inves-
tigations, emotional restraint, persistence in overcoming diffi-
culties in developing and retention of his professional actions,
and also judicious initiative.

Characteristic of the crew as a whole was a unified under-
standing of the flight goal, ability to direct all efforts toward
the performance at a difficult moment of any spacecraft control
task associated with control of the spacecraft, its systems,
the scientific and medical studies, and to subordinate their
individual tasks to the solution of the basic obJjective.

It 1is interesting to note that the characteristics of the
group structure of the Voskhod crew showed up quite clearly in
the organization of the sports games and recreation during the
preflight rest period under sanatorium conditions, and in other
everyday and tralning situations.
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We know that the flight of the Voskhod spacecraft was
successful and the scientific experiment program was performed
in its entirety. In this connection, Komarov's report on in-
flight operation of the first multiple space crew is of con-
siderable interest. "The scientific investigation program,"
wrote Komarov, "was planned for one day and the crew performed
the program completely. The tasks which we had to perform in
this flight required the participation of all the crew members.
One individual could not perform them all, no matter how well
he was prepared. This required, in turn, not only the same
understanding of the problems by all the crew members, but also
excellent teamwork, immediate understanding of one another,

and even interchangeability.

"Althoughi our crew in space was small, 1t operated as a
harmonious Soviet collective, proud in the knowledge that we
were performing our work in the name of peaceful goals, for the
welfare of all mankind.

"Alllthe crew members assisted one another creatively in per-
forming the complex and interesting work outlined in our
flight plan.

"Naturally, all this did not take place without some effort.
Before entering the Voskhod cabin, its crew worked long and hard,

studied and trained."

The high degree of teamwork and mutual understanding be-
tween the crew members is eloquently expressed in the words
of Komarov, who with his typicél modesty characterized his
tasks as commander as follows: "I should explain that a space-
craft commander is not like a military unit commander. I did
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not do any commanding, rather I had no need to do so. We all
knew our duties and each performed them skillfully."

A particularly high degree of coordination and teamwork was /53
required of the crew of the Voskhod-2 spacecraft. It is obvious
that such a complex problem as exit of man into space from the
spacecraft cabin through an airlock can be successfully accom-
plished only with the aid of a high degree of teamwork, mutual
understanding, confidence, and faith of the cosmonauts in one
another.

In dividing the duties between the crew members|, considera-
tion was given not so much to their professional preparation,
since both cosmonauts were highly qualified professionally,
but rather to their individual psychological qualities. The
features most characteristic of Belyayev were strong will and
tenacity, calm reaction in dangerous situations, logical think-
ing with profound self-analysis, and great perseverance in over-
coming difficulties in achieving the posed objective.

With regard to his temperament, Leonov is of the choleric
type. Strong and impetuous, he is capable of carrying out
tireless activity and demonstrating courage. His synthetic
way of thinking, combined with his artistic abllity|, make it pos-
sible for him to envisage and memorize in brief moments of time
entire pictures, and then reproduce them quite faithfully.

These two cosmonauts, different in nature but supplementing
one another and forming a highly compatible team, performed
their flight very successfully and brought a large amount of
valuable information back from space. The following minor in-
cident in their work during the flight is indicative of the
correctness of the selected team,and the division of duties

Th




between them. When Leonov entered the airlock and Belyayev
reduced the pressure in the lock, Leonov began to ask permission
from the commander to open the outer airlock hatech and go out
into space before the scheduled time. But Belyayev opened the
hatch precisely in accordance with the flight plan.

One aspect of the crew preparation for the Voskhod-2 space-
craft was that in addition to the development of skills in con-
trolling the spacecraft and its several systems, which did not
differ fundamentally from the preparation for the preceding
flights, the cosmonauts had to train for working under conditions
of hard vacuum and support-free space.

In performing the docking operations with the Soyuz-4 and
Soyuz-5 spacecraft, it was necessary to work out the combined
functions of the two spacecraft crews. The successfully con-
ducted operation was preceded by numerous training sessions on
various simulators. The docking process was worked out both
separately by Shatalov and Volynov, and in the course of combined
training sessions. Combined operations involved with transition
of the cosmonauts from one spacecraft to the other were also
worked out.

After termination of the group flights, all the cosmonauts
repeatedly emphasized that the successful completion of a flight
with such complex experiments as the spacewalk and docking of
the two spacecraft was assisted by the teamwork achieved in the
combined training sessions in the course of the entire flight
preparation period.

However, the problem of psychophysiological compatibility

is not limited to simply crew teamwork in controlling the space-
craft and their systems. During extended space flights, the
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crews must not only work together but also rest together, i.e.,
they must live together under complex conditions of extended
group 1solation. Here mutual sympathy, Kriendship, community of
viewpoints, and so on; in general everything that creates a mono-
lithic unified team, become important in the interrelationships
between the members of the team. But thls aspect of the problem
goes beyond the scope of operator activity, and will not be
considered here.

In concluding this sectlion,we note although group psychology
cannot at the present time give a complete answer to many practi-
cal questions, 1t does seem to us that,on the basis of group
psychology data,we can now define the technique for multiplace
spacecraft crew selection in preparation for extended space
flight.

After experimental psychological studles are made to verify
the possibility of combined work in controlling the spacecraft,
the crew assigned for an extended space flight must not only
carry out together various forms of training and testing during
the perlod of preparation for the flight, but must also relax
together. '

While prior to the individual space flights all the cosmo-
nauts went through neuropsychic stability testing in the isola-
tion chamber, the members of the multiplace crew will,in all
probability, be tested for psychophysiological compatibility.

All this will permit the psychologists, human englneers,
tralning specilalists, and doctors to study carefully the psycho-
physlological compatibility of the crew,and to train and
"Iintegrate" the crew. This will also permit identification of
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individuals who are not suited as crew members for the proposed
flight.

PSYCHOLOGICAL APSECTS OF PREPARING COSMONAUTS
AS OPERATORS

We know from experience in pilot training that after com-
pleting a theoretical course and training sessions on simulators
in/ flight school, students have the flight skills for piloting
training planes with dual controls. The first flights are always
made with an experienced instructor, who can,in the case of
serious errors by the student, intervene in the control of the

airplane at any time and thereby prevent unpleasant consequences.

Training spacecraft have not yet been built which are cap-
able of "taking" the cosmonauts into outer space in the prepara-
Tion process for a final honing of the professional skills in
controlling the spacecraft under realistic conditions. Thus,
while the primary mode of pilot preparation involves training
flights 1n airplanes, and simulator training is of secondary
importance, simulator training becomes of decisive importance
in the professional preparation of the cosmonauts.

Therefore the requirements for ground trainers and simula-
tors for the cosmonauts will be particularly severe. The simu-
lators and trainers must simulate space flight conditions and
factors, emergency situations, operation of the individual sys-
tems and the flight dynamics, and also ensure development of
the required skills in controlling the spacecraft and its
systems (See page 78).

The simulators used to develop the cosmonauts' professional
skills are shown in the diagram.
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DIAGRAM

117 ] 18} |19.

1l — trainers for developing cosmonaut professional skills; 2 —
dynamic trainers; 3 — static trainers; 4 — functional trainers;
5 — speclalized trainers; 6 — combined trainers; 7 — spacecraft
instrument and system trainers; 8 — spacecraft manual control simu-
lators; 9 — 1life support system simulators; 10 — optical system
trainers; 11 — radio equipment simulators; 12 — ecologlcal system
control tralners; 13 — space rendezvous, mooring, and docklng
trainers; 14 — landing and takeoff trainers for the moon, Mars, and
other planets; 15 — trainers for solving speclalized problems
(spacewalk and so on); 16 — plloting and navigation trainers; 17 —
space station crew trailners; 18 — multiplace spacecraft trainers;
19 — single place spacecraft trainers
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We see from this diagram that all the trainers can be
divided into dynamic and static. The basis of this division is
the principle of trainer motion together with the cosmonauts'
work station.. For example, the specialized trainer for working
out the landing of the spacecraft on the moon moves in space,
and the cosmonaut experiences both angular and linear accelera-
tions; the functional spacecraft control trainer, located in a
centrifuge capsule, is designed for developing control skills
under conditions with load factors acting.

In the static trainers, accelerations do not act on the indi-
vidual and the cabin or work station 1is stationary. However,
it seems to us that trainers which do not move, but in which dy-
namic changes of the medium surrounding the cosmonaut are created,
should be considered dynamic trainers. For example, when devel-
oping skills in an altitude chamber related with the functions
of the airlock and work outside the spacecraft, the cosmonaut is
subject to high vacuum, which has a definite dynamic nature.

The functional trainefs, which we see from the diagram are
widely used in the cosmonaut preparation system, are designed to
develop professional skills in the operation_of individual in-
struments or one of the many spacecraft systems (for example,
development of skills in conducting radio communications).
Training of the cosmonauts on the functional trainers ensures
highly efficient and rapid development of the individual pro-
fessional skills, since under these conditions the cosmonaut's /57

attention is concentrated on developing only one particular skill.

The cosmonauts use specialized trainers to develop skflls
in performing particular tasks outlined in the program for the
specific space flight. Such tasks may be space walks, docking
with another ship or orbital station, landing on and taking off
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from the moon, and so on. Thus, the speclalized trainers are
used to develop only those skills which are required for perform-
ing specific tasks. Therefore,the specialized trainers simulate
only the systems and information sources which the cosmonaut will
utilize in performing these tasks.

But all the skills acquired by the cosmonauts during the
training sessions on the functional and specialized trainers are
integrated in the combined training sessions on the complex
integrated trainers.

The first such integrated simulator on which the cosmonauts
trained was the Vostok spacecraft simulator,which included the
full-scale space vehicle, equipment for simulating the image of
the moving earth and stellar sky, the instructor's console, and
the electrophysiological equipment for recording the physiologi-
cal functions. The space vehlicle cabln included all the 1nstru-
ments and systems (instrument panel, pilot's console, control
stick, conditioning system, radio equipment, and so on), which
are arranged just as in the Vostok ship intended for the next
space flight.

During the cosmonaut training sessions, an electronic com-
puter is used to simulate during all the flight segments, begin-
ning with the launch, orbital flight, and‘landing on the earth,
the instrument indications (command transmission, indications of
changes of the gas composlition of the air in the cabin and the
pressures in the orientation system tanks, the location of the
spacecraft on the Globus instrument, and so on). Introduction
into the electronic computer of the corresponding programs pro-
vides complete similarity of the simulated instrument indications
with the instrument indications in actual space flight. The
trainer computer makes 1t possible to simulate the flight
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dynamics processes both in real time and in an altered (acceler-
ated) time scale, which makes it possible in the training ses-
sions to "run through" the flight segments in which the cosmonaut
is relatively inactive as an operator and "play back" in real
time those flight segments in which the cosmonaut must work fast
and under strain.

In order to develop skill in manual control of the angular
motions of the spacecraft on the trainer, use 1s made of a loop
simulating manual attitude control. This loop includes the
attitude control system simulator, an angular dynamics computer,
and simulation of the visible image of the earth and sky.

The view of the earth and the stellar sky is reproduced
with the aid of an electro-optical device. 1In this device, use
is made of a unique planetarium which reproduces the natural
displacement of the celestial bodies, and also the motion of the
entire sky as a function of the spacecraft flight segment.

In developing manual attitude control skills, the dynamics
of the angular motions in controlling the spacecraft are also
simulated with the aid of an electronic computer. The image of
the earth's surface and stellar sky in the Vzor optical sight
moves in accordance with the orbital movement of the spacecraft,

and in accordance with the cosmonaut's control inputs.

During the training sessions on the spacecraft simulator,

" the cosmonauts developed skills in inspecting and checking the

equipment, spacecraft manual orientation, radio communications,
use of the life support systems, conduct of the scientific ex-

periments, filling out the flight log, and so on, and also the

operations involved in the automatic re-entry mode. They also

worked out their actions during unusual and emergency flight
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conditions (failure of various systems, communications failure,

Jloss of cabin pressure, manual re-entry, and so on).

The exercises in the spacecraft simulator were carried out
after the cosmonauts had completed a preliminary course of
theoretical preparation and a series of training sessions on the
functional trainers, where they developed their skills in use of
the communicatlions facilities and operation of the various space-
craft systems.

The final stage in the professlonal preparation of the cdsmo—
nauts was the conduct of a combined training session in the space-
craft simulator, when the flight plan was "run through" in real
time up to periods of several days with operation of the actual
life support systems (regeneration, conditioning, in-flight food,
systems, and so on). During this training session, the environ-
ment was made as close as possible to that of the actual flight,
except for simulation of the load factors and weightnessness.

The training session in the spacecraft simulator was sup-
ported by a team which included the team leader, human engineer-
ing instructor, medical psychologist, engineers, andisimulator

servicing technicians.

The operation of this team was guided by a procedural plan
which included the exercises, the conditions for their perform-
ance, and standards for evaluating performance. In preparation
for the Vostok flights, several exercises were used to work out
the simpler elements of the flight task and then transition to
"run through" of the entire multi-orbit flight.

During the training sessions, the instructor and the medical
psychologist watched carefully to make certain the cosmonauts'
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actions were correct. This was possible because of the fact that
all the onboard eguipment was duplicated on the instructor's
console, which made possible simultaneous monitoring of the ac-
tions of the subject with variation of the instrument readings.

The instructor couid change the flight program at will,
"create" various situations, including emergency situations,
and see how the cosmonaut reacts to a particular "input", whether
he takes the proper actions and how quickly he performs these
actions. At the same time the medical psychologist observed the
facial expressions and voice intonation (the cosmonaut's speech
was recorded on tape, which then permitted special analysis),
and 1n the case when the physiological functions were recorded
make 1t possible to observe the pulse rate, respiration rate,
and other vegetative reactions.

In the first training sessions the cosmonauts familiarized
themselves with the spacecraft cabin, arrangment of the instru-
ments and equipment, studied the normal instrument indications
and their possible deviations. They found out precisely what
happens in a particular system when the switches and other con-
trol organs are activated and deactlvated. Then the cosmonauts
practiced inspection and checkout of the equipment which is
operable during launch, in orbital flight, and during re-entry
in accordance with the control and operating instructions.

BEach training session was conducted in the following se-
quence. The plan to be followed in the exercise was formulated,
the plan was modified as necessary, and the flight log was filled
out. Then the cosmonaut donned his pressure suit. After fin-
ishing the preparations for performing the exercise he revorted
that he was ready and sat down in the spacecraft seat. The
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training sessions were organized folliowing the principle:
everything should be as realistic as possible,.

The cosmonaut established radio communications and checked
out the equipment in the cabin. The usual alrcraft rule was used
‘as a basis for the check: left to right, top to bottom, in order
to prevent omissions. After completing the inspection,the cosmo-
naut reported his results, his conditlion, and readiness for
launch.

In his reports he observed the standard format in order to
ensure clarity of the radio communications. In addition to the
standard reports,the cosmonauts practiced their "in-flight" re-
porting using a tape recorder.

Then the launch of the booster rocket was simulated, the
operation of its stages was accompanled by the noise of the
rocket engines, which was reproduced with the aid of a tape re-
corder and powerful speakers. After "reaching orbit and sepa-
rating from the last stage," the cosmonaut acted in accordance
with the instructions and in accordance with the flight plan.
Initially, the exercises concerned with the cosmonaut's actions
in one-orbit and two-orbit flight were performed. Then the

exercises were made more complicated and exercises associated
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with practicing the operations in an emergency situation and
manual landing of the spacecraft were introduced into the
flight plan.

After performing the exercises, the cosmonaut reported the
completion and his errors which he had himself noted. Then the
instructor and team leader commented on the exercise. The cri-
teria for evaluating the performance of the exercise were the
number and nature of the erroneous actions made in the course of
the tralning sessions.
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We have remarked previously that in conventional flight the
cosmonaut always has sufficient time to perform any particular
operation in controlling the spacecraft. The only exceptions
are emergency situations and the operations involved in the
manual landing mode. Therefore, it is quite understandable that
the speed of performance of the work operations in the usual
flight regime was not decisive in the evaluation of the exercise.
The primary factor in the evaluation of the cosmonaut's actions
was the efficiency of the performance of the elements of the
exercise and the nature of the errors made. A cosmonaut who
accomplished the flight plan well can obtain an "unsatisfactory"
grade if he makes only a single incorrect action which in actual
flight could lead to an accident. Such serious errors include
activation of the deceleration engine with an altitude error of
180°. 1In place of deceleration and descent from orbit such an
action would lead to increase of the ‘velocity and transition of
the ship into a higher orbit from which return to earth at the
proper time would become impossible. Such grave errors occurred
very seldom in the cosmonaut training program, and then only in
performing the first exercises.

The evaluation of the skill level finally developed at the
end of the training sessions was formulated from the general
pattern and speed of work, the emotion displayed in performing
the task, the cosmonaut's behavior during preliminary preparation,
the nature of the errors made in performing the task, and also
from the capability for self-criticism and understanding of the
meaning of the errors made in the operation,and his report on the
results of the task performance upon completing the exercise.

A general evaluation was made on the basis of collective dis-
cussion of the data obtained by the human engineers and the
medical psychologist.
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The training carried out on the Voskhod and Soyuz space-
craft simulators did not differ fundamentally from that used on
the Vostok spacecraft simulator. The only really new factor was
the extensive use of specialized trainers for developing skills
in using the airlock for exiting into open space under altitude
chamber conditions, conduct of the spacecraft rendezvous and
docking operations.

The trainers, the spacecraft simulator, and the technique
developed made it possible to prepare the cosmonauts for con-
trolling the spacecraft in flight and the conduct of a broad
range of different scientiflc experiments. '

Both the general patterns in the establishment of the pro-
fessional skills and the patterns which depend on the individual
characteristics of the cosmonaut were determined in the process
of the training sesslons.

One of the general psychological patterns which showed up
in the cosmonaut training sessions on the spacecraft simulator is
that they approach the performance of the exercises with great
seriousness, interest, and sense of responsibility.

Another feature common to all the cosmonauts was that they
all made various errors in the beginning of the training ses-
sions on the spacecraft simulator, and these errors when progres-
sively decreased in the process of performing the exercises. The
typical erroneous operating actions with respect to the differ-
ent elements of the flight task are illustrateh by the following
data on the number of errors made (in %):
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Radio reports . . . . 30 Use of Globus

Manual orientation. 13 instrument . . . . 10
. Actions in unusual
E ment check . . .
qgigor to flgght 17 flight conditions . 17
Other . . . . . . . . 23

The most frequent errors were made by the cosmonauts in
their radio reports. While performing the exercises they either
did not report at all or very little on the instrument indica-
tions, activation and burnout of the rocket stages, their sensa-
tions in flight, leaving the earth's shadow, transmission of com-
mands, appearance of signals on the annunciator panel, and so
on. They often failed to mention the time prior to reporting.

In the beginning of the training sessions the cosmonauts
made many errors in checking the equipment, and also in working
with systems such as manual orientation and using the Globus
instrument. The manual orientation system differed markedly
from an airplane control system, while the Globus instrument was
fundamentally new in its design. After four to eight training
sessions, the number of errors in manual orientation decreased
by a factor of two, and by the end of the training sessions they
disappeared completely.

Some of the professional skills — ability to divide atten-
tion properly, ability to determine the spatial attitude of the
vehicle, and others — acquired in flights in jet fighters (all
the cosmonauts who flew on the Vostok vehicles except for V. V.
Tereshkova had experience in flying jet fighters prior to Joining
the cosmonaut group) were of considerable help in speeding up
the process of developing particular skills.

In those cases when the individuals being prepared for
space flight did not have adequately developed spatial perception,
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it was necessary to carry out additional exercises in manual
orientation, resorting to demonstration using a very small model
of the spacecraft and a large training-type globe. This was
helpful in developing the skills involved in orientation in
outer space.

The instructor's comments on the errors and also the recog-
nition of the errors by the cosmonauts themselves were of con-
siderable importance in eliminating deficlencles during the
training sessions. Knowledge of the results of the work in the
trainer and understanding of the operating errors were also very
important factors in successful formation of the skills. Without
this, successful development of a skill@ecomesmarkedly more
difficult, and at times even completely 1impossible.

Experience in preparing the cosmonauts on the simulator
showed that initially the subjects did not notice many errors
and defliciencies in thelr work. They did not note many devia-
tions from the instructlon requirements, could not monitor them-
selves precisely, both with regard to their actions and the re-
sults obtained. However, in the process of performing the exer-
cises the self-monitoring ability continued to improve. While
initially not noting serious errors, the cosmonauts then began
to note in thelr actions in the training sessions operating
errors which even the supervising human engineer did not notice.
The speed of recognition of deflciencies in their‘operation
also changed. Initially the deficiencies were noted only after
careful analysis of the results of the exercise, later they were
determined by the cosmonaut immediately after performing the

particular operation, or even at the instant the operation was
being performed.
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Our observations showed that long breaks between training
sessions led to increase of the erroneous actions by a factor
of 1.5 to 2. For most of the cosmonauts interruptions of up to
three months did not reduce the quality of the skills which had
been acquired.

From this observation we can conclude that it will be neces-
sary to install functional trainers aboard spacécraft which will
be in flight for more than three to four months in order to
maintain skills in controlling operations such as docking, land-
ing on the earth and other planets.

It is typical that the changes in the systems of the Vostok
spacecraft associated with the increasing complexity of the pro-
gram from flight to flight, and with improvement of several of
the systems led to an increase of the number of erroneous actions
even with a well-formed skill level. The cosmonauts did not al-
ways acquire the new skill immediately and often made errors
while acting correctly in relation to the previous conditions.
An example is the elimination of activation of oxygen flow into
the pressure suit to check the oxygen availability. After this
equipment verification change the cosmonauts continued for some
time to turn the oxygen on for the test. The reason for this
was the influence of the previously developed habit. The cos-
monauts who had developed the habit in accordance with the ori-
ginal instructions of using the communications facilities only
through the console began to make frequent errors in that they
did not use the button for 30-minute readiness for launch.
However, they all developed the habit quite quickly.

Many such examples can be cited. On the one hand, they
indicate the necessity for limiting as far as possible the
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spacecraft changes and, on the other hand, the need for develop-
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ing firm habits in the process of repeating the exercises.

Pavlov pointed out that the central nervous system has a
marked capability for reinforcement of habits, i.e., for the es-
tablishment of a stereotype. A well ingrained habit 1is a strong
dynamic stereotype, and it is precisely its inertia which deter-
mines the interference phenomena, i.e., the negative transfer of
a previous hablt, into new conditions. In other words, the
stronger the habit, the more difficult it is to alter the habit
and replace it by another.

A dialectic contradiction thus arises. The necessity for
developing a strong habit in the cosmonaut is 1n contradictilon
with improvements and creation of new spacecraft. For example,
Komarov had mastered completely the skills in controlling the
Vostok spacecraft when he was the backup for Popovich. 1In pre-
paring for flight in the Voskhod spacecraft, which he performed
successfully, he mastered the skills involved in controlling
this ship. And for the third time he had to develop the skills
in controlling the Soyuz-1 spacecraft, which differed signifi-
cantly in its construction from the preceding ships.

Experience in preparing the cosmonauts showed that in re-
solving the contradiction — strong habit and design changes —
it is necessary to develop flexible habits based on conscilous
mastery of the working operations and not on mechanical memoriza-
tion. The more consciously the cosmonaut acquires habits and
the faster the habits are developed, the longer they are retainedp
and they are found to be more flexible and economical. In pre-
paring the cosmonauts it was also noted that flexibllity of skills was
influenced by their inclusion in a complex of actions which
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were more complicated in structure and their use in various situa-
tions for the solution of more difficult and complex problems.

The general pattern that developed in training the cosmo-
nauts on the Vostok spacecraft simulator naturally did not ex-
clude individual variety in the course of the training sessions
and performance of the space flights.

The following guidelines were used in studying the indivi-
dual psychological characteristics with regard to development of
cosmonaut skills with respect to control of the spacecraft and
its systems: the nature of the initial mastery of the task;
repeatability of errors of the same type; relation between the
rate and efficiency of the mastery of the task with normal con-
duct of the flight and under unusual flight conditions; relation
between the errors associated with sequential performance of the
flight task and concrete failures in individual operations;
sequence of actions and reports on the actions performed; nega-
tive inflluence of breaks in training sessions on the quality of
the skills. The individual psychological study technique in-

cluded recording and analysis of the erroneous actions, observa-
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tion of the emotional reactions, activity, self-criticism, 1ni-
tiative, and psychomotor activity while performing the
experiments.

The objectivity of the evaluation of the individual psycho-
logical interpretation of the activity characteristics on the
spacecraft simulator was also aided by comparing the behavior of
the cosmonauts in the trainers with the general pattern of their
behavior in everyday life and the nature of the psychological
reactions during different forms of training sessions and tests
(parachute jumps, centrifuge tests, isolation chamber tests,

and so on). The basis used for the analysis was the principle of
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maximal exposure of the individual psychological capabilities
of the subject in mastering complex operator skills, and not a

dry, unrealistic collection of random errors and deficiencies.

In our observations the differences in the establishment of
skills in control of the spacecraft and 1ts systems were clearly
determined as a function of the typological higher nervous
activity characteristics.

The cosmonauts with choleric temperatent, for which the
stimulation process domlnated and relatively high mobility of
the nerve processes was observed, mastered the professional
skills rapidly. However, they were characterized by various
errors 1in the beginning of the training sessions and a tendency
to premature actions. They mastered the tasks, including the
unusual flight cases, faster than conventional exercises. 1In
the preliminary preparation, cosmonauts with such typological
characteristics asked many questlons and the details of the task
were discussed actively. In the qualifying exercise on the
spacecraft simulator they worked fast, showed initiative, reacted
actively and emotionally to the situation. Characteristic errors
for individuals of this type were haste and insufficient concen-
tration of the attention. Their summary reports were clear,
lively, expressive, sometimes insufficiently concrete and sub-
Jective.

Here is an example of a cosmonaut of this type. Cosmonaut
S., a bouyant, happy individual with well-developed sense of
humor. During the individual psychologlical study of the higher
nervous activity in the preparation process, it was found that he
had high nerve process force and mobility 1ndices with slight
dominance of the excitatory process. Plloting habits were de-

veloped quickly, few mistakes were made and they were not
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characteristic; error repetition was not observed. The exercise

with unusual situations in flight was mastered relatively faster

than the normal flight version. The errors in the initial pre-
paration period were primarily of the nature of premature actions.
Long breaks in the skill development process had a negative

effect. During the skill formation period he worked rapidly, /6
happily, showing initlative, and without errors. His summary

report on the completed exercise was lively, objective, self-
critical, and complete. His reports in the course of the

training were concise and concrete.

In this case the nature of the skills formed and their
formation reflect the typologilcal characteristics of the cosmo-
naut's higher nervous activity, and also those character traits
such as self-criticism, perseverance, and keenness of obser-
vation.

A striking representative of the sanguine type was Gagarin,
who demonstrated throughout his preparation and training for
flight a high degree of precision in performing various experi-
mental psychological tasks, excellent interference resistance
when subjected to sudden and strong stimuli. His reactions to
"novelty" (state of welghtlessness, extended exposure in the
isolation chamber, parachute jumps, and other activities) were
always active.

) During the study in the isolation chamber, there was noted
a highly developed capability to relax even in the short inter-
vals set aside for resting, drop off to sleep rapidly, and wake
up by himself at a set time. A notable characteristic was his

sense of humor, tendency to joking, and good-naturedness.
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During the training sessions on the spacecraft simulator)
" his characteristic tralts were a quiet, confident style of work
with clear and laconic reports after completing the exercise.
Thoughtfulness, curiosity, and good-naturedness gave an indi-

vidual pattern to the development of his professional skills.

A phlegmatic temperament is characteristic for individuals
with well-balanced excitatory and inhibitory processes, but
with relatively low mobility of the nerve processes. The cos-
monauts with this type of higher nervous activity mastered the
task over a longer period of time, repeating errors of the same
type. They acted first and then reported. They did not note
their own errors completely, particularly in the initial stage
of development of the spacecraft simulator piloting skill. They
mastered the normal flight version earlier and more thoroughly
than the task with unusual flight conditions. During the pre-
liminary preparation they asked few questions, but these questions
were always to the point and helped refine important details.
They worked quietly, accurately, unhurriedly. Thelr summary
report was objective, detailed, and systematized. Their reports
during the course of the exerclse were basically of a stereotype
nature. Characteristic for cosmonauts of this type is progress-
ive reduction of the errors and improvement of their professional
activity. Breaks in the training schedule had no effect on the
development of their professional skills.

Here is an example of one of the cosmonauts with a phleg-
matic temperament. With relatively low mobility and quite high
force of the excitatory and inhibitory processes, the skills /6
developed relatively slowly for this individual, there were
many errors, although of the same type,and they disappeared
gradually. He mastered the exercise with the normal flight
version rapidly. Characteristic of his work in the trainer
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were unhurriedness, concentration and accuracy, high emotional
restraint, clear and laconic reports. Training breaks of more
than six months had practically no effect on skill formation.

His final report was informative and detailed. A high level of
self-criticism was noted — he had observed most of the inaccura-

cies and errors in the training session.

There were no individuals with melancholy temperament among
the cosmonauts. Psychological analysis of skill formation in the
spacecraft simulator shows that the characteristics of skill
establishment and their nature depend for the different cosmo-
nauts on their individuality. Observations show that individuals
with different type of higher nervous activity achieve equally
high work levels, although the ways in which they master these
skills are different for the different individuals. In spite of
the marked features of individual variety, the skills which are
finally formed ensure the performance of the "flight mission"
and do not depend on the rate of mastery of the skills or the

number of errors made in the training process.

However, we should emphasize here that all these skills
were formed on trainers, and only experience can answer the
question of the degree to which they correspond to the actual
conditions in space flight. Experience shows that all the
cosmonauts successfully operated the various spacecraft systems
during the space flights, carried out the radio communications,
and conducted the scientific experiments.

The fact that all the cosmonauts were able to "immediately"
perform manual orientation of the spacecraft and carry out the
docking and other maneuvers is explained by the correctly
formulated education and training process.
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During operations in the spacecraft simulator, the cosmonaut
essentially "runs through" in his mind the possible deviations
in spacecraft control in flight from the operation in the simu-
lacor. Because of this, no subjective difficulties arise when
controlling the spacecraft manually in space or when encounter-
ing various differences in the behavior of the ship from the
behavior of the simulator. Transforming this into psychological
language, we can say that the cosmonauts' action acceptor had a
probabllistic structure and was not rigidly programmed.

Thus, the trainers, spacecraft simulators, and technique
developed make it possible to prepare cosmonauts for spacecraft
control in actual space flights.
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CHAPTER 2

ORIENTATION OF MAN IN OUTER SPACE

In the philosophical sense, time and space are forms of
the existence of matter. "In the world there is nothing other
than moving matter," wrote Lenin, "and moving matter can only

"(l)

Jective, exist independently of consclousness, are eternal,
infinite, and unbounded. At the same time, being different

move in space and in time. Space and time are equally ob-

attributes of matter, they have their own speclal characteris-

tics. Space has three dimensions, while time has only one.

The three-dimensional nature of space (for simplicity,
we shall consider Euclidean space) is expressed by the fact
that at any point we can draw three and only three mutually
perpendicular straight lines. The position of any point is
completely defined by indicating its three coordinates, 1l.e.,
the distances to the intersecting planes selected as the re-

‘ ference system. As for temporal one-dimensionality, it means

| that any instant of time, corresponding to the beginning, end,
or intermediate stage of any process is defined by a single
number, which expresses the time interval since some other
moment, taken as the reference.

(1) ‘
V. 1. Lenin, Polnoye Sobraiye  Sochineniy (Complete Collected
Works, Vol. 18, p. 181.
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In space we can displace bodies from right to left and from
left to right, upward and downward, and so on. In time, however,
'all events flow only from the past through the present to the
future. Time is irreversible, and in this it again differs
from space.

The dialectic oneness and contradiction of space and time
as attributes of matter also find their reflection in the sensory
organization of man. On the one hand, the processes of perceiv-
ing space and time relationships are intimately interconnected
and interdependent. On the other hand, we find that the two
perception processes each exist in specific functional systems
of the brain and are to a considerable degree differentiated.

~

|

This is conformed both in experiments and in numerous clinical
observations of patients with skull wounds, tumors, and certain
other brain ailments. The existence of such differentiation
forms the basls for presentation of the space and time percep-
tion problems in individual chapters (although, naturally, we
shall touch upon thelr interaction as well). However, before
presenting the specific material it 1s advisable to discuss
briefly the philosophical aspect of this problem, relating
equally to space and time perception.

In "Materializm i empiriokrititsizm" (Materialism and Empirio-
criticism) Lenin worte: "While time and space sensations can
provide man with a biologically approprlate orientation, this
can occur only if these sensations reflect objective reality
outside of man; man could not have adapted biologically to the

environment if his sensations had not given him an objectively cor-
n2)

)\
rect representation of the environment. It follows from this

Y. I. Lenin, Complete Collected Works, Vol. 18, p. 185.
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that the correct representation of objects 1s inextricably
associated with adequate reflections of their space-time char-
acteristics and relations. At the same time, in Lenin's review
of Feuerbach's book "Lectures on the Essence of Religion", he
notes the author's idea that man has just the number of sense

organs '"necessary to perceive the world in its unity and total-

ity". In the margin of his review, Lenin posed the following
guestion: "If man had more senses would he have discovered
more things in the world?" Here is the answer: "No."(3) In

other words, from the viewpoint of Marxist gnosiology, our
sensory organization is sufficient for us to be able to reflect
adequately the world surrounding us and recognize objective
truth. However, prior to the space era this conclusion was
based, so to speak, on purely earthly material.

F. Engels wrote: "Materialism will alter its form with
each discovery which constitutes an epoch even in the field of

w ()

single discovery, but rather a whole series of major discoveries
in the most varied branches of scientific knowledge and applied

natural history. But the conquest of space is not Jjust a

sciences. The space activity of man is associated with utiliza-
tion of all the very newest achievements of scientific and .en-
gineering progress and gives birth to scientific directions which

have not been seen previously.

In this connection for the first time in history the possi-
bility arises of confirming the laws and categories of material-

istic dialectics by data from the sciences brought to 1life by
space exploration.

~N
(@)

3V. I. Lenin, Complete Collected Works, Vol. 29, pp. 51-52.

uK. Marx and F. Englels, Sochineniya (Collected Works), Vol. 21,
p. 266.
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We know that all the living beings which inhabit our planet
have developed under, and are constantly subjected to, the in-
fluence of several specific terrestrial factors. These include
first of all the earth's atmosphere, daily and annual periodicity,
definite magnetic and gravitational fields. If we consider, for
example, the earth's gravitational force, its influence has shown
up not only in several physiological functions, the size and
structure of the animals, but also 1n the psychophyslological
mechanisms of the reflection of the external world, including
space and time relations. Thus, man's central nervous system,
its structure and functions have developed and been consolidated
as a result of long-term evolutionary development under specific
terrestrial conditions and correspond to these conditions.

However, it i1s qulte probable that under fundamentally
different conditions of evolutionary development the sensory
(and pschophysiological in general) organization of living
beings, necessary for adequate reflection of reality, would be
constructed differently. According to A. Ye. Magaram (1960,

p. 59), Lenin in a conversation with him expressed the admis-
sibllity of the fact that 1life exists elsewhere and thinking
creatures inhabit the other plénets of the solar system and
other places in the universe, and that — depending on the grav-
ity force of the given planet and other conditions — these in-
telligent beings perceive the world with different sense organs.

The detailed resolution of such problems is a matter for
the future, when with the development of cosmonautics and sev-
eral other branches of science and technology it will be pos-
sible to study directly extraterrestrial forms of living organ-
isms, and it willl also be possible to make contact with extra-
terrestrial civilizations. At the present time, the emphasis
is on the solution of a somewhat different problem, which is
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even today not only of great theoretical and 1ldeological import-
ance but also of tremendous practical value. The question is
the following: to what degree and how will the psychophysical
organization of terrestrial man ensure adequate reflection of
reality, including space and time relationships, under the con-
ditions of outer space, to which is is not historically adapted?
The importance of obtaining an answer to this question 1s seen
from the fact that even aviation practice includes numerous
examples of flight accidents due to illusory perception by the
pllot of spatial interrelationships of real objects, and also
because of inappropriate temporal distribution of his actions

in controlling the alrplane.

Let us begin with a brief characterization of the psycho-
physiological mechanisms of spatial relationship perception by
man under normal terrestrial conditilons.

PSYCHOPHYSIOLOGICAL MECHANISMS OF SPATIAL
ORIENTATION

By spatial orientation under the conditions of our planet,
we mean the ability of man and animals to assess thelr attitude
relative to the direction of gravity and relative .to various
surrounding objects. Both components of such orientation are
functionally intimately related with one another. However, as
Komendantov has correctly noted, their interactions are not
unique. While the first component in many cases can be realized
independently of the second, the second component 1s always
based on the first. We can identify to some degree also the
various psychophysiological mechanisms of spatial orientation
in accordance with these two components of spatlal orientation.
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In light of the data of physiology and psychology, man's
abllity to perceive the attitude of his own body relative to
.the earth's surface and to perceive the location of external ob-
Jects itself is not the result of specific activity on any single
analyzer, but rather depends on the operation of a system of

analyzers, including both exteroreceptors and interoreceptors.

Reflection of the body's spatial attitude relative to the
earth's surface (first component of spatial orientation) at
every moment is provided with the aid of the visual (optical),
statokinetic (vestibular), proprioceptive (musculo-articular
sensitivity), cutaneo-mechanical (tactile sensitivity), and
interoceptive (sensitive terminations located in different in-
ternal organs — for example, the baroreceptors in the vessel
walls) analyzers. Adequate stimulil for the corresponding recep-
tors are: light energy for the optical ones, and mechanical
energy for the others.

One of the basic analyzers in the system reflecting body
attitude relative to the earth's surface is the vestibular
analyzer. It is an integrated system consisting of the peri-
pheral sensing apparatus, conducting nerves, and the central
part with nuclei in the stem section of the brain and the cell
segment in the hemispherical cortex. The sensing apparatus is
subdivided in turn into the semicircular canals and the oto-
lithic instrument, located in the temporal bone. The three
semlcircular canals are arranged in three mutually perpendicular
planes and are filled with a fluid — endolymph. At the begin-
ning of each canal, there are the "brushes" of the vestibular
nerve sensitive terminations (Figure 8).

The idea of the importance of the semicircular canals in
maintaining equilibrium of the animal's organism developed
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Figure 8. Vestibular
apparatus:

1, 2, 3 — semicircular

canals (vertical, frontal,

and horizontal); 4 —

otoliths; 5 — vestibular

nerve; 6 — sense hairs

after the experiments of Florence, who in 1824 after severing

the semicircular canals of a pigeon first noted statokinetic dis-
ruption and head motions accompanied by vomiting. When the
horizontal semicircular canal was severed, the pigeon's head
performed motions in the direction of the damaged canal. This
motion was not observed constantly, but upon further irritation
of the place where the canal was cut or when the plgeon attempted
to move, its head immediately began to oscillate. When the ver-
tical (frontal) canal was cut, the pigeon performed involuntary
forward movements of the entire body and head. When the rear
canal was damaged, he tumbled backward and his head performed
motions in the upward direction. This experiment initiated

study of the semicircular canal role in statokinetic regulation
(and not regulation of the hearing function, as was assumed at
that time).

In 1878 the well-known St. Petersburg physiologist Ye. P.
Tsion, who first explained the importance of the semicircular
canals in the formation of human concepts of space, wrote that
the semicircular canals are the peripheral space sense organs,
i.e., the sensations caused by stimulation of the nerve termina-

tions in the ampullae serve to form our concepts concerning the
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three space dimensions. The mechanism of these stimulations is
associated with the laws of inertia. When the head is stationary
or displaces rectilinearly and uniformly together with the body,
the endolymph also remains stationary relative to the head.
However, if the head is turned or tilted, the fluid in the cor-
responding canals begins to move in the direction opposite

the turn or tilt. This causes stimulation of the vestibular
nerve terminations and definite information on what is occurring

arrives at the brain in the form of nerve impulses.

The otolithic instrument is in essence a gravitoreceptor,
adapted to transmit information to the brain, primarily with
changes 1n the gravity force. The principle of its operation is
also quite simple. The bottom of the saccule i1s covered by
neural sense cells, equipped with hairs, on which in a Jelly- /72
like 1liquid there lie small crystals of calcium salts — the oto- S
liths. Under the action of gravity, they press on the termina-
tions and the neural impulse flux informs the brain of the pres-
sure force. It is not difficult to understand that this pressure
force will change with a rapid climb or descent. The resulting

sensations are well known to people using high-speed elevators.

The experiments of Kreidel showed the great importance of
the otolith instrument in animal orientation. He removed the
otoliths from the otolithic instrument plane of a small crayfish
and replaced with them iron filings. After this the animal
maintained proper orientation in space and swam, as usual,
spine up. However, if the experimentor brought a magnet near the
crayfish, the posture of the animal immediately began to change in
accordance with the lines of force of the magnetic field. 1If
the magnet was moved downward, the crayfish turned over with his
spine down, and if the magnet was moved to the side the crayfish
would turn on his side.
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V. M. Bekhterev related the orientation of the organism
relative to the earth's surface (or the direction of gravity)
very intimately with the equilibrium function. When performing
any action, man is displaced in space, while retaining his
equilibrium, and thereby his vertical posture relative to the
earth's surface. It is true that in the case of any movement,
change of posture, or physical work the location of the body
center of gravity relative to the supporting plane changes, and
therefore the stability conditions are disrupted. However, the
disrupted equilibrium is restored by means of a compensating
motion (for example, bending of the body, extending the arm to
the side, and so on).

When walking, for example, man displaces his center of
gravity actively over the supporting plane and sort of "catches
up with" his outthrust leg. Thus, he selects the optimal motion
regime to maintain equilibrium. This 1s also characteristic
for all other forms of human activity associated with the neces-
sity for taking a working posture and maintaining stability.
Maintenance of equilibrium,even in those cases when an individual
stands still without moving, is provided by continuous working
of the muscles. The smaller the support area, the more work
they must perform.

The cerebral regulation of the muscles participating in
maintaining the posture is usually not perceived. The correspond-
ing signals arrive at the cerebral cortex in generalized form
if a fast reaction of the organism is required in the case of
loss of equilibrium. In this case, the "command" to the parti-
cular muscle groups to equalize the body relative to the support-
ing surface in many cases 1s given before the individual realizes
what 1s happening. Thus, if a person slips on ice-covered
ground with one foot and begins to fall in the direction of the
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foot which has slipped, at that very instant the entire body
tilts reflexively in the opposite direction, its center of gravity

displaces, and equilibrium is re-established.

M. V. Lomonosov noted that man always tries to hold his
body perpendicular to the earth's surface. "When the ocean
rolls," he wrote, "every individual seeks his own perpendicular,
specifically with his head." However, the Dutch physiologist
Magnus was the first to discover the basic relations governing
the regulation of posture — the attitude of the body in space.

The remarkable ability of the cat to quickly and corréctly
orient its body in space in order to land on its outstretched
paws had long been known. Magnus showed experimentally that it
is the reflexes from the otolithic instrument which determine
the attitude of the cat's head in space during its fall (parietal
bone upward), and it is the reflexes from the nerve terminations
of the neck muscles which lead to the corresponding position
with respect to the head and trunk. This mechanism, which regu-
lates the motion of the animal during a fall, can be represented
approximately as follows: the signhals from the otolithic instru-
ment determine the rotation of the head to the "parietal bone
up" position, i.e., orientation of the head in a definite fashion
with respect to the gravity force, after which it is the signals
from the neck muscles which lead to change of the attitude of
the trunk and extremities. This reflex act is accomplished by
the motor apparatus, but the signal to "start" the latter are
the stimuli from the vestibular apparatus.

Reflex regulation of the cat's posture during a fall is
accomplished very rapidly. When falling from a height of only

50 - 70 cm, a cat lying on its back can turn over and "land"
on its paws.
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The vestibular analyzer is intimately related with the
sight organ, whose role in spatial orientation we shall examine
in more detail later. Thus, the indications of the vestibular
and other analyzers are correlated with the indications from the
visual sensations on the basis of the relationship between the
direction of the gravity force vector and the line of the natural
horizon. If a man with his eyes closed feels that his attitude
in space is vertical, when the sight organs are activated the
correctness of the gravitoreceptor indication is confirmed.

This occurs hundreds of thousands of times in the course of his
life, as a result of which strong conditioned reflex connections
are formed.

The connection between the vestibular analyzer and the
visual analyzer was convincingly demonstrated in the experiments
of Purkinje, performed in 1820. Performing experiments on him- /74
self, he established the following: when turning with his eyes
closed about the vertical axis to the right with his head in a
vertical position, by placing his fingers on the 1lids of his
closed eyes he sensed swinging motions of the eyeballs (nystagmus)
in the opposite direction. When the rotation was suddenly
stopped, Purkinje fell in the direction of rotation, and when he
opened his eyes it seemed to him that objects moved to thevright
and he himself to the left. At the same time, he felt nausea,
general weakness, and increased perspiration rate. He termed
this state, which he was the first to note and describe,
vertigo.

Purkinje was the first to study the sensory states during
and after rotation. The term "tactile vertigo phenomenon" is
associated with his name. This phenomenon amounts to the fol-
lowing. If the subject touches his foot to the floor during

the time he senses counterrotation after stopping the chair in
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which we was rotating, he feels that he isdragging the foot in
the direction of rotation sensation, i.e., the foot seems to move
opposite the actual rotation. Purkinje also;studied disruption

of spatial perception of the surrounding situation after passing
a galvanic current through the temporal bones.

In their turn, the sight organs affect the vestibular ana-
lyzer. This is illustrated, for example, by the following ex-
periment. While viewing a panoramic movie, a pilot was seated
in a chair with an unstable support, on which he balanced freely
without losing his equilibrium prior to viewing the movie. His
behavior was the same when the alrplane appearing on the screen
"flew" together with the viewer in level flight. However, when
abrupt airplane maneuvers were shown, the pilot's equilibrium
was quickly disrupted and he "tilted" together with the chair.
We also know that some individuals watching a ship rolling on
waves or similar pictures on a movie screen begin to experience

a feeling of motion sickness, even to the point of nausea.

In the course of evolution, the earth's gravity played a
definite role, not only in the formation of the supporting
skeleton and musculature of living beings, but also in the
development of the so-called muscle sense, i.e., propriloceptive
sensitivity. Sechenov showed that the performance of any motor
act would be impossible with the eyes closed without the
musculo-articular sensations, which make it possible for man

to interpret his posture relative to the earth's surface.

Tactile sensitivity also provides definite information on
the change of body weight and posture in space. For example,
when a man stands, the corresponding signals come from the skin

of the feet; when he lies down, they come from the skin of the
back, and so on.
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The receptors which are located in the walls of the blood
vessels and sense blood pressure are also "indicators" of the
gravity force direction. When a man stands, the blood tends
toward the lower-lying parts of the body and causes high stress
in the lower extremity vessel walls, and a corresponding change
of the information traveling to the brain. Other interoreceptors

also signal a change of the gravity force direction.

The studies of B. G. Anan'yev, E. Sh. Ayrapet'yants and
others have shown that the activity of the analyzers discussed
above 1s synthesized by definite structures of the cerebral
hemisphere cortex. As a result, a definite functional system 1is
formed which reflects the situation as a whole, and thereby makes
i1t possible to orient the body correctly in space relative to
the gravity force. 1In general, the reflexes for maintaining
posture in the vertical position are realized with the partici-
pation of the vestibular analyzer, musculo-articular sensitivity,
and other receptors which counteract the action of gravity forces
on the body mass. The solution of this problem is also asso-
ciated with reflection in the consciousness of the so-called
"body scheme", which includes concepts of the form, absolute and
relative magnitude of the various parts of our organism, their
interrelationships, possible motions of the extremities, and the
general size and weight of the entire body.

We have already mentioned that the second component of spat-
ial orientation, i.e., orientation relative to objects surround-
ing the individual, is always accomplished on the basis (back-
ground) of the first component. Such an orientation takes place
with the aid of a special system of analyzers, which includes
the optical, auditory, and chemical (olfactory) analyzers.

Their receptors operate remotely. Having exceptionally high

excitability to adequate stimuli, they are capable of
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differentiating sources of energy fluxes acting on them from
sources acting at a great distance.

The leading analyzer in spatial orientation is the optical
analyzer. In the process of evolutionary development, 1t has
adapted to the reception of light reflected from various objects.
One of the most important characteristics of the optical analyzer
is that the sensations which arise during its activity are essen-
tially projected into the external medium. Marx wrote: "

The optical action of an article on the optical nerve 1is per-
ceived not as subjective stimulation of the optical nerve 1tself,
but rather as the objective form of the article, which 1is located

outside the eye."(S)

In this phenomenon A. N. Leont'yev sees a very 1mportant
psychological fact, which is that "in the image we are given not
our subjective states, but rather the objects themselves." Even
those who are born blind and then have cataracts removed asso-

ciate the optical stimulations with the external world.

"In this regard," wrote I. M. Sechenov, "it is very instruc-
tive to listen to the conversations of people blind from birth
who have recovered their sight in adult years, when they see the
surrounding world a few days after the operation. 1In spite of
the fact that these individuals already had a clear picture in
thelr minds of all the spatial concepts of the objects surround-
ing them, obtained through the sense of touch, the entire field
of view seemed to them to be filled with a sort of continuous
image which seemed to touch thelr eyes, and they were even afraid

to move because of fear of running into one image or another."

K. Marx and F. Engels, Sochineniya (Works), Vol. 23, p. 82.
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Vol. 1, p. 220, 1952.) The effect of "projection" of the optical
image onto the objective world is a result of both the image
striking the retina and the muscular and tactile sensations which
the individual obtains in his exploration of the outside world

in the course of life.

The perception of the shape, size and motion of an object
and some properties of its surface is achieved by establishing
complex functional systems of intra-analyzer (and also inter-
analyzer) connections. For example, on the basis of only the
image on the retina of the eye, we cannot yet judge the size of
an object, since the dimensions of this image depend on the dis-
tance to the object. But vision at different distances is spe-
cifically provided by corresponding contraction (or relaxation)
of the ocular muscles, which alter the shape of the crystalline
lens and make it possible to focus the light rays passing
through the lens properly on the retina. In the final analysis,
Judgment of the size of an object becomes possible as a result
of establishing conditioned reflex connections between the retina
and the eye muscles (more precisely, the accomodation muscles),
i.e., between the sense and motor parts of the optical analyzer.

Depth perception is also provided by a change of the con-
vergence (bringing together the optical axes of the eyes) as
a function of distance. We know that differences in the images
of external objects are obtained on the retina of each eye as a
result of their different locations. As a result of the fact
that the centers of projection of the two optical organs do not
coincide but are separated by a gap, a particular point or de-
tail of the images strikes the so-called disparate retina points
rather than identical points. In the case of a high degree of
disparity, the objects observed "double in the eyes". However,
if the disparity does not exceed a definite magnitude, a
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sensation of depth develops which is considerably better than in

the case of observations using only one eye.

Usually an individual does not perceive the sensations ar-
riving at the brain from the accomodation and oculomotor muscles.
These proprioceptive sensations can be quite clearly noted if /17
we look at our finger while slowly bringing it to our nose and
then moving it away. In this case the musculomotor intero-
ceptive stimulations associated with convergence and accomoda-

tion will arise.

B. G. Anan'yev quite rightly notes that perception of vol-
ume cannot be explained solely by the activity of the central
portion of the optical analyzer (i.e., the corresponding seg-
ments of the hemispheric cortex). The essence of such percep-
tion 1s associated also with some sort of newly developing objec-
tive relationship between the receptor and the 1mage on its
object plane ("screen"). "It is obvious," writes Anan'yev,

"that the optical sensation process, for example, not only begins
in the eye but also terminates in the eye. This hypothesis re-
qulres recognition of the fact that the sense organ is not only

a receptor but also an effector. We must also assume that there
exists not only a forward (centripetal) but also a backward
(centrifugal) connection between the receptor and the brain™"

(p. 52, 1961).

The feedback principle in analyzer operation had been dis-
covered earlier by I. M. Sechenov. On the basis of three-
dimenslonal vision, he showed that the optical apparatus of the
eye 1s intimately connected with oculomotor organization. More-
over, Sechenov assigned great importance to the tactile sense
in the development of three-dimenslional representations. A

complex dynamics of tactile and muscular sensitivity is always

112




noted in the process of active palpation. Sechenov considered
visual examination "entirely analogous in significance" to feel-
ing an object with the hands. Developing this idea, Leon'tyev
notes: "The movement realizing actual contact, 'real encounter'
of the hand with an external object, must be subject to its
properties. 1In feeling the object, the hand reproduces, follow-
ing its outlines, its size and contour and by means of the sig-
nals coming from the motor apparatus forms a 'replica' in the
brain." (p. 153, 1965).

The formation of condiftioned reflex connections between
hand palpation of objects and eye motion begins in early child-
hood. "The retina of the trained eye" is, properly speaking,
the retina of an eye which has first studied under a hand. The
child develops his three-dimensional vision ability on the basis
of such conditioned reflex connections. Later on, man develops
the ability to relate visual sensations and eye movements without
the probing movements of his hands

We know that the yellow-spot region, where the receptor
instruments are concentrated with maximum density, is the region
which transmits the maximum information and realizes most clearly
organized and differentiated vision. Therefore, to obtain the
maximum information, the eye must take a position each time
such that the retinal image of the examined portion of the object
i1s on this central part of the retina. According to A. L. /78
Yarbus, when examining a particular figure the eyeball moves in
jumps in accordance with the contour of the object. This motion
is the most important component of visual perception. Each
point of the contour, imaged on the periphery of the retina,
Serves as a stimulus signal which "drives" the eye to a position
in which the region of best vision will be pointed at the con-
tour line. Thus, to accomplish visual analysis, which involves

continuous identification of the points carrying maximal
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information and subsequent synthesis of these points, we need
to have a system consisting of at least two stimulated points:
one located at the periphery of the retina and serving as a
source of those signals which stimulate further motion of the
eye and have an orienting function, and another point located
within the limits of the central part of the retina to receive
and transmit differentiated visual information.

The clinical observations of A. R. Luriya, Ye. P. Pravdina-
Vinarskaya, and A. L. Yarbus have shown that in those cases in
which the existence of such a system of two simultaneously sti-
mulated points is not possible (marked narrowing of the field
of view, brain damage, and so on), there is disruption of the
organized gazing motions and the visual perception process as
a whole breaks down.

In accordance with Sechenov's ldeas, Leont'yev describes
the perceptive operation of the hand, llke the eye, as a self-
afferent process which is similar to the mechanism of servo
devices which "adhere" to the object. "As a result of this,
the hand running over the contour of an object does not leave
the object and the eye does not get lost in individual elements
of the object. Contact of the hand with the object defines the
beginning and direction of its motion, which in turn determines
further signals coming from the object; at the same time the
feeling or examining process as a whole remains rigidly deter-
mined by the properties of the object." (Leont'yev, p. 172,
1965.) In 1ts structure, this process represents a reflex ring.
But this ring is closed only in the morphophysiological sense.
Conversely, from the viewpoint of the reflection process, it is
open at the "points of encounter" with the object. "Something
similar takes place, for example, when a soft rubber innertube
rolls freely across solid objects; it retains its ring-like
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~structure and its characteristic type of rolling motion, but

when it comes into contact with the objects it alters its con-
figuration and thereby yields an adequate dynamic replica of

them." (Leont'yev, p. 173, 1965.) 1In the course of tactile or

visual reception a "replica" is also taken from the object.

However, this 1s done not by altering the form of the "taking"
substrate itself, but rather by altering the process: it is not /79

the probing hand or the examining eye which reproduces the
"replica", but rather their motions.

At one time, V. M. Bekhterev suggested that not only the
kinesthetic sensations from probing hand movements and eye
motions, but also the maintenance of the vertical posture of
man plays a major role in three-dimensional vision. Later
A. A. Ukhtomskly showed how the temporal connections between
the general posture of the body 1in relation to the horizontal
plane and the positioning of the eyes themselves are formed
when changing the body attitude in space. For example, we know
that tilting the head toward one shoulder leads to decreased
accuracy in perceiving the location of a horizontal straight
line. These studies were continued by Anan'yev. It was found
that the vertical body posture, which is a result of the social
and work experience of man, served as the primary basis for the
development of such concepts as "up" and "down", "right" and
"left", "forward" and "backward".

In general, psychophysiological studies have made it pos-
sible to find that, not only the spatial relationships of things
surrounding man, but also the position of his body relative to
the direction of the gravity force play an important role in the
overall dynamics of three-dimensional vision. Ukhtomskiy's
idea that vision 1is determined by a complex associative chain:

vislon-kinesthesla-vestibular sensations, has been confirmed.
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The coordinates of man's field of view, the interaction of the
monocular systems (i.e., of both eyes), and so on, are actually
connected with the chain of visual-vestibular-kinesthetic
reflexes.

We have mentioned previously that the hearing organ also
plays a role in the analysis of spatial relationships. However,
human capabilities in the field of direct auditory space per-
ception are limited, and reduce basically to sound localization.
The basls for this is the binaural effect, which involves sequen-
tial perception of sound acting on first one, and then the other
ear. The olfactory analyzer has even less capability in localiz-
ing the source of an order.

Thus, human orientation in space is accomplished with the
aid of several analyzers and those structures of the cerebral
cortex which synthesize their activity into an integrated process
of reflection of spatial relationships. Each of the analyzers
reflects some aspect of that complex, combined stimulant which
on the whole is what we perceive as the spatial characteristics
of the surrounding world. However, the combined activity of
several analyzers, representing the so-called functional pattern,
acquires a new, higher quality, since it makes it possible to
change from the reflection of individual aspects or properties
of spatial relationships to their reflection as belonging to the
object world. This makes it possible for man to respond to com- _gg
plex stimulants, not by the sum of the individual reactions,
but by an integrated activity which is a more advanced and
therefore a more effective form of interaction of the organism
with the ambient medium.
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PSYCHIC REACTIONS IN THE WEIGHTLESS STATE

They experilenced blissful quiet
and silence. The position and
direction of their bodies in the
rocket were indefinite — what-
ever they wished them to be.

K. E. Tsiolkovskiy

K. E. Tsiolkovskiy suggested that under weightless condi-
tions man may experilence various illusions and disruption of his
spatial orientation. However, he believed that it would be
possible to adapt to even such unusual conditions. "However,
these illusions, at least in the living quarters, should dis-
appear in time," wrote Tsiolkovskiy.

From that time to the beginning of space flights, many ideas
were expressed on how weightlessness can affect the status of
the organism and psychic activity. Some foreign scientists even
stated that weightlessness would lead to psychic reactions which
are hazardous for the health, and that it would be completely
impossible for man to exist under weightless conditions at all.
Therefore, experiments were first conducted on animals using
high-altitude rockets. Then the experiments were continued
with men, but again not in space flight but rather during jet
airplane flights along the Kepler ballistic curve to reproduce
dynamic weightless briefly (from 20 to 60 seconds). A large
amount of scilentific data has now been accumulated in the Soviet
.Union and abroad on the influence of weightlessness on man's
pschophysioclogical functions. It has been found that all the
subjects can be divided into three basic groups.

The first group includes individuals who tolerate short-

term weightlessness without any marked deterioration of their
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general condition, do not lose their ability to work in flight,
and only experience a feeling of relaxation or relief as a re-
sult of loss of their own body weight. Gerathewohl wrote the
following concerning his feelings in a state of short-term
weightlessness: "In the course of my whole 1life, I actually

had never experienced such a devilishly present state as I found
under weightless conditions, and if someone offered me my choice

of recreation I would take weightlessness for sure."

All the Soviet cosmonauts belonged to this first group.
To illustrate the sensations they experilenced under weightless
conditions, we shall present some recordings made after perform-
ing weightless flight in a two-seater airplane. "At the moment
of transition to weightlessness, there is a feellng of great
relief throughout the whole body, and this lasts from beginning
to end." "Under weightless conditions I felt an amazing light-
ness of the entire body. My muscles were completely relaxed.
A feeling of pleasant relaxation came over me." "When welght-
lessness was reproduced, I separated from the seat. My whole
body was filled with a tremendous and at the same time pleasant
lightness. I tried to take various articles by hand and ‘'place’
them in space: I placed a pen and it floated freely in the
cabin air" (Figures 9, 10).

After his first weightless flight, Yu. A. Gagarin wrote the
following: "Prior to performing the 'hump', I was forced down
into my seat. Then the seat moved away and my feet 1lifted off
the floor. I looked at the instrument: it indicated weight-
lessness. There was a feelling of pleasant lightness. I tried
moving my hands and head and everything was free and easy. 1
grabbed a pen floating in front of me and the oxygen regulator
hose.... It was a pleasant sensation, where you put your foot,
there it stays.... In general a sensation of lightness and
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freedom. There were no unpleasant sensations from the internal
organs at all. I could orient myself normally in space. I
looked at the sky, the earth, and the beautiful cumulus clouds.
The instruments were easy to read. After the flight, my feelings
were quite normal."

V. V. Tereshkova had the following to say about her sub-
Jective sensations during her first parabolic trajectory flight:
"With the onset of weightlessness, there was a sensation of
lightness; dust particles float about, raised arms are easily
moved around in the air. Everything was very easy. I made
notes during the second 'hump' during the weightless period. I
felt fine, welghtlessness does not lead to any unpleasant sensa-
tions for the organism. Weightless flight was pleasant. There
were no visual disturbances or nausea...."

The second group includes individuals who experience during
the weightless period i1llusions of falling, and also a feeling
of turning over, rotation of the body in an indefinite attitude,
being suspended with the head down, and so on. In the first
2 - 6 seconds, these phenomena are accompanied by anxiety, loss
of orientation in space, and incorrect perception of the ambient
situation and their own body. In many cases euphoria is ob-
served (laughter, playful mood, forgetting the experimental
program, and so on). For this group subsequent flights with re-
production of weightlessness do not lead to such marked sensa-
tions. Adaptation takes place.

As an example, we present the self-observation of one of

the authors (V. I. Lebedev), made during the first weightless
flight in a flying laboratory airplane with a "swimming pool".
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Figure 9. Cosmonaut V. M. Komarov in the weightless state

"Prior to the first 'hump' I sat in the seat, fastened in
by the belts. From the engine sound and airplane vibration, I
guessed that the airplane was accelerating prior to the 'hump'
After a few seconds, the load factor increased and forced me
into the seat. When weightlessness began, I felt as if I were
falling into an abyss. I would estimate that this sensation
lasted 1 - 2 seconds. My comrades 'floated' in front of my eyes.
The parachute slowly floated up from under my seat and hung in
the air. The positions of the people in the support-free state
were unusual: some with their feet high, some on their sides,
and so on. They moved around, tumbled, took unusual poses,

pushed away from the floor, ceiling, walls and swam rapidly by
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in front of me. All seemed unusual and amusing. Being quite
familiar with the theoretical sensations of weightlessness, I
expected to have problems, but it turned out fine. This led
to a feeling of pleasure, which transformed into euphoria. I
gave a thumbs-up signal to my comrades to indicate that I felt
fine. Then the weightlessness period was over, and the load
factor increased again. After the hypergravity the euphoria
continued until the beginning of the second weightless period.

"During the second 'hump' I was supposed to 'swim' in the
weightless state. I put on the crash helmet and lay down on
the floor, which was covered with a thick layer of porolon. The
load factor increased, and I was forced down into the porolon.
The weightless state occurred suddenly, and without a chance to
collect my thoughts I felt myself flying upward and then in an
indefinite direction. Complete disorientation in space took
over. Then I began to analyze the situation to some degree.
I began to perceive the floor and walls of the enclosure. It
seemed that the latter was elongating rapidly. The illusion
was reminiscent of the sensation when one looks in the wrong end
of bihoculars. I glanced at the floor and saw that it was mov-
ing below me, running away from me along with the elongating
and foreshortening enclosure. At this time I tried to grab hold
of something. But even though the objects below me and to the
sides seemed quite close, I could not reach them with my hands,
which caused a feeling of extreme emotional excitation. Then,
finding myself in the aft end of the airplane, I grasped some
object and stabilized my position in space." Complete adapta-
tion took place in the subsequent flights.

Some of the subjects from this group showed disruption of
perception of the "body scheme" in addition to disorientation
in space. As an illustration, we cite the self-observation of

a pllot flying an airplane under weightless conditions for the
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first time: "At 8 - 10 seconds after the onset of weightless-
ness I felt as if my head were beginning to swell and increase
in dimensions. At about 13 seconds I had the impression of
slow rotation of my body in an undefined direction. After 15
seconds I began to lose my spatial orientation, and therefore
changed the airplane from the parabolic regime."

In this same group we encounter individuals who experience
in the weightless state a feeling of so-called psychic aliena-
tion, psychic helplessness. Subject M, an experienced glider
pilot, characterized his sensations in this situation as
follows: "During the first seconds of weightlessness I felt
that the airplane had rolled over and was flying in an inverted
attitude, and that I was hanging head down in the airplane. I
looked out the window, saw the earth's horizon, and realized
that the sensation was false. After 5 - 10 seconds the
illusion disappeared.

"During the time of the illusion and after its disappearance,
throughout the entire weightless period I experienced an un-
natural and helpless sensation which I had never experienced be-
fore and is difficult to characterize. It seemed to me that
not only the situation in the airplane,but also something in-
side myself had changed. In order to avoid this unpleasant
sensation, I tried to write during the weightless state and
reach out with my hands to various objects. All this was done /84
without any particular difficulty. However, this feeling of
helplessness and uncertainity did not pass and bothered me."
(Observation by L. A. Kitayev-Smyk.)

In this observation there developed on the background
of the space attitude 1llusions, which are characteristic for
short-period weightless conditions, a feeling of "psychic help-
lessness" without any motor disorders or delirious interpreta-
tions. We believe that thils state can be compared with the
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clinical symptom of "psychic alienation," when according to
Megrabyan the patients view themselves and the ambient medium

as foreign, unfamiliar, unusual, and at the same time, reason-
ing logically, they adjust and correctly re-establish in their
consciousness the reality of the existing situation without,
however, overcoming the morbid state in so doing. Such a state
of psychic alienation then creates that category of depersonali-
zation phenomena which, according to many psychiatrists, border

on the psychic automatism syndrome.

The third group includes those individuals for whom spatial
disorientation and illusions are more marked, last throughout
the entire weightless period, and sometimess combine with rapid
development of seasickness symptoms

This grouping is only a rough general scheme, within which
individual investigators identify subgroups on the basis of other
characteristics. Thus, Kitayev-Smyk identifies within the
second and third groups two subgroups, depending on dominance
of the illusion of falling, accompanied by disorientation in
space and a feeling of fear, or the illusion of an inverted posi-
tion of the body, being suspended head-down, and so on, while
retaining a correct general understanding of one's attitude in
space. For some representatives of the first subgroup of the
third group, the 1llusions of falling under weightless conditions
reach extreme degrees, accompanied by a feeling of fear, in-
voluntary screams and marked increase of the motor activity.

We (F. D. Gorbov, O. N. Kuznetsov, and V.I. Lebedev) have compared
such a psychic reaction with the so-called "death of the world"
symptom-complex encountered in several braln diseases. One
manifestation of this symptom complex was described by A.S.
Shmar'yan. For patient Sh. the attack begins with a severe
headache and vertigo. This is followed by the onset of a
definite falling sensation and the patient, if he can not grab
hold of something, begins to experience "tumbling, as if he
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were rolling down a hill." Thereafter, 1t seems to the patient
that his body increased markedly in size. The surroundings also
changed markedly in dimensions and outlines, buildings first

got larger and then smaller, everything around him darkened,

one building seemed to topple over onto another, everything

became strange, unfamiliar, and foreign. Everything took

place extremely fast, "faster than a spinning movie film,"
"everything collapsed and came to ruin," "like a storm all around."
At this time the patient experienced marked fright, loneliness,
alarm, withdrew from activities, and cried. Turning to his
neighbor, he cried out: "I don't know about you, but I feel as

if the end has come, everything on the earth is crumbling and
falling apart, the end of the world has come," At this time the
patient saw huge trees being uprooted in the distance, the

entire earth was like a seething cauldron, as if from a vol-

canic eruption. Everyone died and the patient along with them. /86
All of nature also perished, "like the end of the world." This
condition of the patient lasted for one or two minutes.

Here is an observation of Kitayev-Smyk on a subject during
a brief weightless state: '"During the flight, prior to the on-
set of weightlessness, he sat conversing in a relaxed fashion
with the doctor. 1In the first seconds of weightlessness motor
stimulation appeared, accompanied by "elevator" and "prehensile"
reactions, an involuntary inarticulate exclamation, and a strange
facial expression (lifted eyebrows, pupils expanded wide, mouth
open, lower jaw dropped). This reaction was observed throughout
the weightless period and prevented any contact between the sub-
ject and the doctor alongside him. After termination of the
action of weightlessness, the described reaction disappeared,
but the subject was in a moderately excited state until the end
of the flight. After the flight, he had the following to say
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Figure 10. Cosmonaut A. A. Leonov does a
back flip, arching in the weightless state
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about his experience: "I didn't realize that the weightless
state was beginning. I suddenly had a feeling of precipitate
falling and it seemed to be that everything around me was coming
apart, toppling over, and flying in all directions. A feeling
of terror came over me, and I did not realize what was going on
around me." The subject remembered nothing of his reactions.
When looking at the movie film taken of his behavior in weight-
lessness, he was qulte amazed by what he saw."

We see that the "end of the world" symptom-complex is v
very reminiscent of the psychic reaction of certain individuals
for whom disorientation in space, accompanied by a feeling of
falling and terror, develops in the welghtless state.

Also of interest for space psychology are the observations
of neuropsychic patients when one of the symptoms of their

~

illness is a feeling of loss of weight of their own body. Thus ,
R.I. Meyerovich noted that patient B "often has a feeling of
weightlessness — 1t seems to her that she 1s moving through the
air"; patient S says that she "wakes up at night with a feeling
that she is hanging in the alr." Similar observations have been
made by A.A. Mergabyan (patient Sh. reports: "Now I don't feel
wither myself or my body, I seem to float through the air"; patient
V says that "sometimes her body becomes light as a feather," that
she "seems to be walking on air," and so on). The action of cer-
tain psychopharmacological substances presents a similar pilcture.
For example, long before the space flights A.I. Sikorskiy observed
a unique condition in the case of hashish poisoning, accompanied
by a sensation of weightlessness and soaring upward. Many in-
dividuals also experience a weightless feeling when using LSD

and mescaline.
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The questlion obviously arlses of whether or not there is
hidden behind all these factors some general laws which will lead
to an understanding of the meéhanism of the development of unusual
psychic states during weightlessness with disruption of the per-
ception of the body scheme and disorientation in space.

It has been found that the onset of the "end of the world"
symptom-complex and several other psychosensory disorders is
caused by dysfunction, lack of coordination in the operation of
the functional systems of the brain because of disease-related
damage to the central nervous system. One cause of such dysfunc-
tion may be altered and distorted information coming from the sense
organs. A typlcal example is Meniere's disease, named after
the French doctor who discovered it in 1861. It proceeds as
follows. An individual who is externally perfectly healthy begins
to have periodically a feeling of a "blow" on his head. 1In this
case he often falls to the ground, as if "struck by lightning,"
so fast that he cannot grasp hold of anything. At the same time
nolse appears in either ear and vertigo sets in. Some have the
feeling that they themselves are turning and being thrown to one
side, others feel that the surroundings spin in a circle (in the
horizontal or vertical plane), that objects double and flicker,
the floor earth, and bed displace under him and collapse into
an abyss. In this case some patients lose their orientation
in space completely.

It has been found that the ultimate cause of Meniere's
disease lies in a periodic increase of the fluid pressure in the
semicircular canals of the vestibular apparatus, which then leads
to the appearance of unusual, distorted information coming to
the brain from this sense organ. This situation has been con-
firmed by the experiments of Shtauder (cited by A.S. Shmar'yan),
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in which patients in a crepuscular state with feelings of euphorila
and ecstasy had their vestibular apparatus stimulated from both
sides experimentally, after which a state of dysphoria set in with
feelings of catastrophy, disaster.

No less interesting is the experiment of L.P. Lobova in
stimulating the vestibular apparatus by a caloric probe in a
patient with schizophrenia. Under the influence of sharp vestibu-
lar stimulations, the patient lost his orientation, felt fear with
an expression of dismay on his face, sald that everything around
him was being destroyed, falling apart.

Schilder in his work on hallucinations says that stimulation
of the semicircular canals can not only affect optical perceptions,
but can also cause visual hallucinations. He presents experimental
data on the change in the visual hallucinations (appearance of /88
fanciful distortions, mobility, plurality) when stimulating the o
vestibular apparatus. In his fundamental study of hallucinations,
Murg devotes a special chapter to the inter-relationships be-

tween the vestibular apparatus and optical hallucinations.

Together with Z.L. Kogan, we carried out the following
experiment. After putting completely healthy subjects (six
individuals) into a hypnotic sleep, we suggested that they see
a narrow street with high buildings and a man standing in the
middle of the street. After the appearance of the induced
hallucinatory images, the vestibular apparatus was stimulated
calorically. The subjects in the hypnotic state commented on
the changes taking place with the hallucinatory images.

One of the subjects in the hypnotic state saw, as the
vestibular apparatus was stimulated, how the figure of the man
standing in the middle of the street "multiplied", and then they
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all began to whirl around him in a circle. Their faces were as
similar to one another as if they were twins. The other subjects
also noted various spatial changes in the hallucinatory forma-
tions. Thus, subject K noted, when the vestibular apparatus

was stimulated, that the entire figure of the "man" stretched out
and became like a figure in a "fun house."

In all probability the plurality and photographic similarity
of the hallucinatory images when using the caloric probe, both in
our experiment and in similar clinical observations, can be
explained by the influence of the impulse pattern from the
vestibular apparatus on the tonus of the eye musculature and by
the nystagmoidal twitchings which sort of "rip" the hallucinatory

image into parts.

In his study, Murg describes Griéman's experiment with
cooling of the outer surface of the neck with ethyl chloride,
which as a result of stimulation of the vestibular apparatus
led to a slight tonic change of the eye muscles. 1In this case,
the subjects noted a change of the visual perceptions in the form
of motion and curvature of objects.

A series of experimental studies of Schilder and Goff
confirms this same point of view, and shows that both the change
in the perception of the objective world and the hallucinatory
images is connected, on the one hand, with nystagmoidal twitching
and, on the other hand, with the tonic changes taking place in

the eye muscles under the influence of the vestibular simulations.

Thus, both the experimental data and clinical observations
confirm that in many cases stimulation of the vestibular apparatus
can lead to distortion of the perception of both actual reality
and hallucinatory images.
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Under weightless conditions, markedly changed and unusual
information arrives at the brain, since the mechanical forces
owing to terrestrial gravitation no longer act on the system of
sense organs which perceive the spatial relationships.

The studies of Ye. M. Yuganov have shown that definite
changes take place in the reciprocal relationships between the
semicircular canals and the otolithic apparatus of the vestibular
analyzer as a result of loss of weight of the otoliths. 1In this
case, weightlessness does not lead to a functional disconnection
of the otolithic apparatus, but shows up as an unusual "minus-
stimulant." This leads to transmission to the brain of markedly
altered information.

That information which comes to the brain from the pressure-
sensing receptors of the skin, the subcutaneous cellular tissue,
the baroreceptors of the cardiovascular system, and so on also /89
changes significantly during weightlessness. Since the muscular
efforts which are necessary to maintain the vertical posture of
the body on the earth become unnecessary under weightless con-
ditions, the flow of the nerve impulses from the skin and
skeletomuscular apparatus changes. This is shown by recordings
of the bioelectric activity of the musculature under weightless
conditions. The studies of Ye. M. Yuganov, I. I. Kas'yan, and
B.F. Asyamov showed that the amplitude of the neck muscle bio-
potentials, equal to 130-180 uV in horizontal flight, decrease
markedly (to U40-50 uV) under weightless conditions, and in many
cases blolectric "silence" 1s even observed. Simllar changes
were also observed in the biocelectric activity of the thigh
flexor and extensor muscles. Whille 1in the initial state, this
potential was 30-37 uV, 1in the welghtless state, bloelectric
"silence" was observed.
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The electroencephalographic pattern indicates that weight-
lessness 1is a very strong and unusual stimulant. A decrease
of the amplitude of the brain biopotentials accompanied by an
increase of the frequency characteristics is observed in subjects
participating for the first time in flights reproducing weight-
lessness. 1In other words, the stimulation process dominates in
the central nervous system.

A1l the factors noted above lead to disruption of the
systemic activity of the analyzers under weightless conditions.
In certain individuals, this leads to all sorts of illusions
concerning the attitude of their body in space, up to and in-
cluding complete disorientation with loss-of the correct per-
ception of the outside world and the "body scheme." However,
in those cases in which the nervous system quickly copes with
such functional disharmony, as a result of which new interrela- /90
tionships in the system of analyzers are rapidly established in
accordance with the altered situation, the individual may ex-
perience a feeling of pleasant lightness, floating, and does
not lose his capacity for work. Consequently, for individuals
with a weak type of nervous activity this information may cause
disorientation in space and subjective sensations and behavioral
reactions reminiscent of the "end of the world" symptom-complex.

As a rule, the reactions noted by the cosmonauts during
weightless flights correlated with the reactions in other stress-
ful situations. For example, sthenic emotions were noted in
all the cosmonauts during parachute Jjumps.

The observations of G. Titov are of interest in light of

the question of the effect of weightlessness on the appearance
of unusual psychlc states. During orbital flight, he developed
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unpleasant sensations which he characterized as a condition close
to motion sickness and which were expressed in vertigo and nausea.
When he turned his head abruptly, the vertigo intensified and
and illusion of "floating" of objects appeared. Titov noted that
not only turning of the head, but also flickering of objects
("passage of the earth") cause unpleasant sensations. These
phenomena decreased when the cosmonaut took a comfortable posture
and did not make quick head motions, decreased further after sleep-
ing, and disappeared entirely after activating the retro rocket
system. In spite of the signs of motion sickness, he did
not encounter the phenomenon of disorientation, which is ex-
plained by his high indices of higher nervous activity and will-
power,

We know from the report of Grissom, the American astronaut
who flew in the Mercury program, that he experienced vertigo in
the welghtless state.

In a study by G.L. Komendantov and V.I. Kopanev titled,
"Motlon Sickness as a Problem of Space Medicine," flight con-
ditions in the spacecraft are analyzed in considerable detail,
and the mechanisms of the occurrence in the cosmonauts of what
Lansberg calls "satellite sickness" are discussed as a version
of motion sickness.

In this study it was suggested that "of great importance
in the genesis of motion sickness is the condition of the
higher nervous activity, in individuals of the strong type,
motion sickness 1s observed more rarely, and when it does occur
its manifestations are less marked. The converse is observed
in individuals with a nervous system of the weak type" (1968, p.
333).

However, we should emphasigze here that, even in individuals
with a strong nervous system, for whom thevestibular proprioceptive
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stimulations when performing aerobatics are common occurrences,
in cases of asthenization (exhaustion) severe disruptions of ori-
entation in flight may develop, accompanied by emotional and neu-
rotic breakdown. This is indicated, for example, by the follow-
ing observation by Gorbov of pilot N. In the course of several
years, N. carried out intensive flight instructional activity,
but did not notice any excessive fatigue. His flight work
received good grades. Dﬁring the last two or three years, N.
began to feel excessive fatigue, worked long hours, did

not have normal rest. From time to time during night flights,

he developed sensations of forced banking to the left, which

he overcame by "willpower," forcing himself to "shake his head,"
concentrating on the instrument readings. He gave no particular

importance to these illusions.

Once, while climbing out duringva night flight N. entered /91
a layer of clouds. Immediately after this he felt a sensation of
false banking to the left. He did not change the flight condi-
tions and the sensation eased off. Upon entering the hospital,
the subject spoke more or less quietly about this. However,
it was difficult to get an idea of what happened with him. There-
after, since every time the discussion came around to the subsequent
events N developed a marked affective reaction with crying, gen-
eral tremor, and so on. However, it was finally found that all
the remainder of the flight period was difficult for him, and
the sensation of false banking continued. During the landing
approach, N developed a troublesome and unconquerable sensation
of forced change of posture and attitude of the airplane (invert-
ed flight), which did not disappear even when the airfield came
into sight. The subject experienced extreme physical tension
and at the same time a feeling of sinking, falling, terror. He
made the landing, "not recalling how...," exited from the airplane
"soaking wet," hands and feet shaking, hardly able to walk.
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In view of the protracted reactive neurosis (diagnosis:
stable and marked asthenic-depressive state with affective
instability, low spirits, hypochronditic fixations), N was
declared unfit for flight operations.

Thus, comparison of the clinical descriptions of psychic
disorders and the perceptive disorders observed in weightless
flights and conventional flights shows many features of sim-
ilarity between the two. The disruptions of the perception of
surrounding space and self-perception which are caused in the
case of weightlessness by inadequate adaptational capability,aré
phenomenologically reminiscent of the psychosensory disruption
phenomena in neuropsychic patients. The reason for this is
the disharmony of the functional systems, although in individuals
with a strong nervous system the perceptive disruptions usually
do not reach complete disorientation. However, the psychic

~
n

disturbances which arise under weightless conditions do have A
several phases. In the first phase, the analyzer activity dis-
sociation may be accompanied by slight and rapidly passing spatial
illusions. The second phase is expressed by psycho-sensory re-
actions with disorientation in space and disruption of the "body
scheme" perception, but with correct interpretation of the sub-

Ject's own sensations. The third stage includes psychosensory
disturbances with distortion of the perception of the surrounding
situation and delirious interpretation.

ORIENTATION OF MAN IN OUTER SPACE

On the basis of general theoretical studies, K.E. Tsiolkovskiy
suggested that the welghtless state during space flight would
lead to a change in the perception of surrounding space. In 1911,
he wrote: "There is really no up and down in a rocket, because
there 1s no relative gravity and a body left unsupported will not
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move toward any wall of the rocket; however, subjective sen-
sations of up and down will still remain. We will sense

up and down; however, their places will change with a change
of the direction of our body in space. We consider up to be
where our head is, and down where our feet are. Thus, 1f we
turn our head toward our planet, it seems to us to be above us;
when we turn our feet toward the earth we cause it to plunge
into the depths, since it seems to be below us. The picture

is grandiose and at first glance frightening; then we become
used to it and actually forget the concept of up and down" (1947,
p. 71).

The following experiments were conducted to study spatial
orientation characteristics in the cosmonauts during brief per-
iods of weightlessness, reproduced in a two-man jet airplane.

The subject sat in the rear cockpit, seat and shoulder straps
fastened. During the weightless segment of the flight, the pilot,
banked up to 60-65o to the right or left. Prior to entry into
the "hump" (prior to onset of weightlessness), the cosmonaut
closed his eyes on command from the pilot and reported over

the interphone his impressions of the spatilal attitude of the
airplane and the nature of the maneuver being performed. While
in similar situations with their eyes open, the subjects did not
record a single case of spatial disorientation; with the eyes
closed all the subjects noted illusory perception of spatial
relationships. None of the cosmonauts could determine the actual
nature of the airplane maneuver. For example, V.M. Komarov

wrote the following concerning his sensations: "Spatial orien-
tation was difficult when the pilot performed a "hump" with a
bank; it seemed to me that we were flying vertically upward."
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This sort of disorientation is explained by the fact that /93
under weightless conditions the information from the otolithic
instrument is distorted, and the subjects lose their concept
of their body attitude in space in relation to the earth's
surface. However, as a result of tactile and musculo-articular
sensations, they oriented themselves well with respect to the
cockpit geometric shapes.

A large number of investigations to determine the ex-
citability of the vestibular apparatus under the action of
positive load factors and under weightless conditions were made
by Ye. M. Yuganov (1965) and his colleagues. It was found that
in the weightless state the nystagmus shortens, while in the
case of positive and high gravity forces it becomes longer. The
contraction of the nystagmus 1is explained by the change of the
reciprocal influences from the otolith apparatus on the semi-
circular canals and vice versa. According to Yuganov, under con-
ditions of positive and high load factors, the impulse pattern
from the otoliths has a considerably less inhibiting action on
the semicircular canal function than under earth conditions,
as a result of which protraction of the nystagmus is observed.
During the action of negative load factors and in the weightless
state, the reverse relationships are noted. However, in con-
cluding his article, the author felt it necessary to note that
the problem of interaction between the otolithic and ampullar
apparatuses is far from resolved. The interrelationships have
been noted only in analysis of the vestibular-motor (nystagmus)

reactions, and further investigations are required.

Since weightlessness theoretically has no effect on the
inertial properties of the endolymph and therefore no effect
on the nature and degree of the stimulation of the semicircular
canals, there has been considerable interest in studying the
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sensitivity thresholds of the semicircular canals to acceleration
under weightless conditions. In selecting the technique for con-
ducting the corresponding studies, we (K. L. Khilov, I.A. Kolosov,
V.I. Lebedev, I. F. Chekirda) started from the limited volume

of the working area in the airplane cockpit and the limited ex-
periment time. The experiments were conducted as follows. The
subject was seated in a Barany chair, tilting his head forward

30O and closing his eyes (with a heavy bandage across his eyes).
Then the chair was rotated through 180° in 20 seconds. If the
subject did not notice the rotation, further rotations through

360o were made at intervals of three to five minutes in the course
of 20 and 15 seconds. The acceleration sensitivity thresholds

were determined only when initiating the motion; the sensations
experienced by the subjects as the chair was stopped were ignored.
At the moment, the subject senses rotation, he reports this to

the doctor who records the time with a stopwatch. In certain cases
electronystograms were recorded. As a reference, we used the /94
data obtained in level flight.

Under weightless conditions, rotation of the subject began
five seconds after beginning of the welghtless state at the
rate for which the acceleration sensitivity thereshold had
been determined for the subject in conventional flight. Tests
were made with 11 males in the 23-45 age range with good
tolerance for weightless flights, including three cosmonauts.
Three individuals were tested once, five were tested twice 1n the
course of the same flight, and six were tested from two to six
times during two or three flights.

Analysis of the data obtained showed that the sensitivity
of the horizontal semicirular canals to angular accelerations
under conditions of dynamic weightlessness changed for all the
subjects. This showed up in an increase of the length of time
necessary for the appearance of sensitivity to rotation, In other
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words, the excitability of the receptor formations of the
semicircular canals decreased under weightless conditions.

Thus, for subject V the threshold sensation in the
horizontal flight segment occurred after 12 seconds at a
rotation rate of one revolution in 20 seconds, while under
welghtless conditions the sensation had not been reached by this
time. For the other subjects, the time of appearance of the
feeling of rotation was extended by 3-11 seconds (on the average,
by a factor of 1.7) in comparison with the baseline data. Here
it was noted that the magnitude of this time extension did not
change in the course of a single flight. However, in repeat
flights there was a tendency toward a decrease by two to three
seconds of the rotation duration required for onset of threshold
sensation under weightless conditions.

We have noted previously that the absence of body weight
in the weightless state is its primary specific effect. Con-
sidering from this viewpoint the dynamics of ailrplane flight
along a Kepler parabolic curve, we must note that here we en-
counter the alternating influence of positive load factors and
welghtlessness on the organism as a whole, and specifically on
the vestibular apparatus. On the one hand, prior to and after
each weightless regime the weight of the otoliths is "increased"
by several times as a result of the action of positive (head-
seat) load factors, which leads to intensified pressure of the
otoliths on their "spring supports" and the underlying hairs of
the otolithic apparatus nerve cells. On the other hand, after
10-12 seconds this input disappears, giving way to the state of
dynamic weightlessness. In this case, the otoliths "lose" their

weight, which leads to removal of the otolith pressure on the
nerve endings.
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According to the theory of V.I. Voyachek and K. L. Knilov,
in the case of the normal earth attraction force the otoliths
have a continuous activating influence on the sensory and
vegetative reflexes from the semicircular canals. We believe
that the otolith "loss of weight" under weightless conditions

N
el

leads to reduction of this influence, which then leads to in-
crease of the sensitivity thresholds of the horizontal semi-

circular canals to angular accelerations.

In studying the role of the semicircular canals in spatial
orientation of man under weightless conditions, we (V. I. Lebedev
and I. F. Chekirda) conducted the following experiments. We
mounted in a flying laboratory airplane a rotating chair in
which the subject was seated with a blindfold over his eyes.

The doctor-experimentor rotated the chair through a definite

angle at a constant rate (one revolution in five seconds). The
subject's task was to estimate the turning angle without changing
his body posture (on the ground, in level flight, and under weight-
less conditions). Chair rotation under weightless conditions

was started five seconds after initiation of weightlessness

(with a total duration in each "hump" of 24-26 seconds).

In the first series of experiments we determined the possibil-
ity and accuracy of orientation for turns from O to 3600. In the
second series the same determination was made in the same range
of chair rotation angle change but during the fourth revolution.

In the tests using the first version it was possible to make
three measurements during a single weightless run. In the second
version a single measurement was made in each weightless run.
Half of the subjects were informed of the errors they made. 1In
all we studied six males who had had experlence in weightless

flights and had good tolerance to this condition.

139



As a result of the experiments we found that the errors
in determining the angle of rotation on the ground and inhlevel
flight are the same. They amounted to + (10—200),in the first
series of tests and 1(15—250) in the second series. However,
under weightless conditions the manitudes of the errors in
determining the seat rotation angle increased markedly for all
the subjects without exception. In the first series of tests
the errors were minus 20—30o for a rotation of 90O and reached
minus 35-70o for rotation from 180 to 3600. In the second
series the underestimation of the actual rotation angle in-
creased in individual cases to as much as 2700.

For the subjects who were not informed of the values of the
true chair rotation angle the errors did not decrease in the
repeat flights. For those subjects who were given these data
the accuracy of the rotation angle determination increased from
flight to flight, and quite significantly.

What is the reason behind all these phenomena? We have
already noted that under weightless conditions there is an in-
crease of the semicircular canal threshold of sensitivity to
angular accelerations. This leads to a situation in which the
central nervous system obtains from the corresponding re-
ceptors less stimulation when the subject is rotated through the
same angle as in level flight. The result is underestimation
of the rotation angle.

Voyachek found that rotation sensation depends not only
on the acceleration magnitude but also on the acceleration
action time (following the formula b-:t, where b is acceleration, /96
t is action time). In our experiments rotation of the chair
through a definite angle took place with the same acceleration
during initiation and termination of the motion; the rotation
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time also remained constant. However, because of increase

during weightlessness of the semicircular canal sensitivity
threshold,the?subjects sensed the initiation of rotation some-
what later than in level flight. For example, while in level
flight the chair rotation initiation is sensed when it has rotated
through 100, under weightless conditions this sensation appears
only with rotation through + (10-20°). Thus, the rotation

time interval was subjectively shortened for the subjects,

‘and it appeared to them that chair rotation took place through

a smaller angle than was actually the case.

Space perception is intimately related with time perception.
Artificial separationof the study of space perception from .
time; perception may be justified by the specific objectives
of, the study, but it does not correspond to reality.
In space orientation the correct perception of the passage of
time is of great importance, since when changing his posture
man estimates not only the force of the stimuli but also the time
of their action. As a result of these processes the individual
develops an integral concept of motion in space and in time. 1In
special investigations we found that for subjects with good
tolerance to weightlessness a subjective speeding-up of the
passage of time is noted. We shall return to this
later on. For the present we simply note one more fact,
which indicates that,'in addition to increase of the threshold
sensitivity, the subjective speedup of time passage (under-
estimation of the given time interval) also plays a definite
role in underestimation of the chair rotation angle. While
in the second series of tests the difference in the errors in
comparison with the first series amounted in horizontal flight
on the average to + (15—250), under weightless conditions this
difference increased to 20—300. This can be explained by the fact

that the increase in the second series of tests of the rotation
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time under weightless conditions to 15-20 seconds led to con-
siderable subjective understatement of the actual time interval.
The subject, assuming for example that only 12 seconds had passed
rather than 15 (which was actually the case), underestimated the
chair rotation angle correspondingly.

Particularly interesting data on spatial orientation were
obtained during the orbital flights. Thus, at the time of
transition from positive load factor to weightlessness, Titov
experienced an illusory feeling of head-down movement of his body.
It seemed to him that the instrument panel shifted and occupied
a location above the cosmonaut's head. Similar false sensations
were experienced by the American astronaut Cooper. It seemed
to him that a tool bag had turned through 90o around his right
hand. Other cosmonauts also experienced the overturning illusion
with the onset of weightlessness. Gorbov associlates this with
continuation of the muscle support reaction in the new conditions.
At the moment preceding weightlessness the acceleration forces
(positive load factors) force the individual against his couch
and muscular counter-support to the couch back is created. If
the tension of these muscles is not released upon transition
to welghtlessness, a quite logical but still false feeling develops
of flight on one's back or with the head down. However, if there
is uniform muscular relaxation this feeling does not occur. 'There
is also a hemodynamic theory which treats the illusion onset as
the result of blood redistribution.

In the weightless state most of the cosmonauts, particularly
when the spacecraft ports were covered by shutters, developed
the psychological concept of "up" and "down" which had been acquir-
ed during the training sessions in the spacecraft trainer. This
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concept made it possible for them to orient themselves freely,
both with thelr eyes open and closed. In the spacecraft cabin the
individual not only visually "relies" on the instruments and
objects surrounding him but also obtains a large amount of
information directly by tactile sensitivity from the couch,

the restraint system, and so on. When working with the space-
craft controls and systems, a significant information flow enters
the brain from the skin and muscle receptors. All this makes it
possible for the higher regulating mechanism of the brain to "cope"
with the distorted information from the otolithic apparatus and
accomplish the correct orientation in the environment. However,
i1f these possibilities are not realized, the illusory impressions
concerning the body attitude in space may be retained for a long
time. For example, in the course of their orbital flight illusory
sensations of this sort developed with Yegorov and Feoktistov.

It seemed to one of them that he was in a half-bent-over pos-
ition with his face down. The cosmonauts noted that the illusions
occurred with their eyes both closed and open, and the nature

of the illusions was the same in both cases. However, this con-
dition was not distressing and did not interfere with their per-
formance of the planned operations.

During their 1ll-day flight the American astronauts Borman
and Lovell (4-18 December 1965) observed illusory sensations of
an inverted position in the course of the first 24 hours.

For most of the Soviet cosmonauts the psychological im-
pression of "up" and "down" respectively of the spacecraft cabin
geometry with their eyes open was disrupted only in the case when
they viewed in the porthole the stellar sky "below" and the
earth's surface "above." This pattern was verified in the follow-

ing experiment. In the flying-laboratory airplane a track made
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of a special material was attached to the wall so that the subject
could walk on this track in the weightless state. When walking
on this track in the weightless conditioﬁ,the impression is quick-
ly created that this is not a wall but rather a floor and that
"down" is below the feet. But this impression is quickly des-
troyed when looking out the airplane window and seeing the sur-

face of the earth.

When orienting the spacecraft in orbital flighq,the cos-
monaut must have a clear impression of the spacecraft attitude re-
lative to the earth's horizon and the direction in which the
flight vehicle is traveling. Perceiving all this and including
the spacecraft in his "body scheme," he begins to perform the
maneuver. This is what Bykovskiy had to say about orienting the
spacecraft in flight: "After engaging the manual orientation
system I began to look for the earth. I looked out the port-
holes and in the Vzor sight. In the Vzor sight I glimpsed a
small bit of the horizon off to the side. I quickly reasoned that
the right hand porthole was up, toward the zenith., I deflected
the controller to the right and released it before the pointer
moved. The opposite pointer did not move. I immediately noted
movement of the spacecraft. The ship continued forward at the
residual rate. I think: "OK, that will save some fuel," and
waited. The movement of the earth was just barely noticeable.

I worked the same way about all three axes using the residual
rates. When the angular velocity pointers moved, I released

the controller and the opposite pointer did not move. What

was particularly interesting in this orientation was that the

ship followed the controls very well. I felt happy that every-
thing was going so well. By determining the movement of the

earth in the Vgzor sight I oriented the ship in the landing attitude
and used up only five atmospheres of pressure."
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When exiting from the spacecraft into support-free space
and transferring to another spacecraft, and also when performing
assembly operations in orbit, it is necessary, in addition, to
be able to orient oneself well in open outer space. Special
experiments were conducted in the flying-laboratory airplane to

verify how one can orient oneself in the support-free condition.

The cosmonauts were posed the following problem: after
beginning to move along the "weightless pool," close the eyes
for some time (5-10 seconds) and with vision "turned off" con-
tinue to determine one's attitude in space; then open the eyes
and compare one's subjJective spatial impressions in relation to
the "pool" geometry with the actual situation. It was found
that during the first 2-5 seconds of movement with the eyes closed
the subjects, considering the rate of displacement and the sen-
sations of their own rotation, could still realigze correctly
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what was happening, sometimes with large errors it is true.
Thereafter this becomes more difficult for them. Thus, Nikolayev
wrote the following in his report on this experiment: "After
beginning the movement and closing my eyes, in the first “hump‘

I estimated my attitude in space in the weightless condition by
memory. I felt that in addition to the advance of my body along
the 'boolﬂ my body was rotating to the right. I thought that I
should be about in the middle of the 'pool' and turned through
75-900. When I opened my eyes I saw that I was actually near the
right side of the airplane and turned through 1800, i.e., I was
facing the ceiling.

"During the second 'hump' I did not open my eyes for about
10 seconds. After 4-6 seconds I could not mentally picture
my location in the 'pool.' I lost my orientation. When I
opened my eyes I was "suspended" upside down in the rear of the
airplane.“. ’
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It was just as difficult to determine with the eyes closed
the spatial attitude of the body when rotating the body around
the longitudinal axis during orbital flight (when free from the
restraint system). It is interesting to note that in these
experiments Popovich used the sound of an operating fan as a

reference point in space.

When in the support-free state in the "swimming pool" of
the flying-laboratory airplane or when "floating" above the couch
in‘space flight, the test subjects and cosmonauts could touch
the surrounding objects and spacecraft walls, which made it '
possible to relate the attitude of one's body in space with re-
spect to these objects.

When leaving the spacecraft man encounters not only the
support-free state but also "unoriented" space. Here the cosmonaut
is connected with the spacecraft only by a flexible tether, whicﬂ,
it is true, is in some measure a supporting element, but in
reduced form., In this situation all the tactile and musculo-articu-
lar sensations which arise from contact with the individual details
and support areas in the capsule are missing. In open outer
space the nerve impulses coming from the musculo-articular appara-
tus and the skin receptors do not provide any impressions of the
spatial relations of the cosmonaut's body with the objects sur-
rounding him, but rather yield only information on the inter-rela-
tionships between individual parts of the body, i.e., about the
"body scheme," which includes also the pressure suit and the
tether. Therefore, when the cosmonaut leaves the spacecraft his
psychological impressions of his attitude relative to the capsule
based on visual, tactile, and musculo-articular sensations are
destroyed, and he must transfer to a completely new orientation,
"relying" only on visual perceptions.
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In preparing man for accomplishing the first sortie into
open space, a coordinate system was initially recommended in
which one of the "reference" points was to be the spacecraft
with its longitudinal and lateral axes. In this system the /100
spacecraft was to be "down." This representation "matured"
during the period of preparation for the flight. Several dozen
schemes were sketched out, in which all possible versions of the
attitude of the cosmonaut in support-free space were worked out
relative to the spacecraft, Sun, and earth (Figure 11). The
psychological impression that the spacecraft is "down" was re-
fined and reinforced in special trainers and also during
weightless flights in the flying-laboratory airplane. This
impression was retained during the sortie into space from the
actual space vehicle.

The following are the impressions of Leonov on his sortie
into support-free and "unoriented" space: "Upon opening the
outer hatch of the Voskhod-2 spacecraft airlock the unbounded
cosmos appeared before me in all its indescribable beauty. The
earth floated majestically by below my eyes and seemed flat; it
was only the curvature along the edges that reminded me that it
really is round. In spite of the quite dense light filter in
the pressure helmet faceplate, I could see clouds, the surface of
the Black Sea, the coastline, the Caucasus Mountains, and Nov-
orossiysk Bay. After exiting the airlock and giving a light
pushJI separated from the spacecraft. The tether which attached
me to the spacecraft and provided communications with the com-
mander slowly stretched out to its full length. The small
force exerted when pushing away from the spacecraft led to a
slight angular displacement of the latter. The spacecraft rushing
about the earth was bathed by the rays from the sun. There were
no sharp contrasts of light and shadow observed, since the parts
of the ship which were in the shadow were quite well illuminated
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by the sun's rays reflected from the earth. Majestic mountain
ranges, rivers, and mountains floated past. The sensation was
very much the same as in an airplane flying at high altitude.

But because of the great distance it was not possible to pick

out cities and relief details, and this created the impression
that one was floating above a huge, richly painﬁed map .

Here I was moving around a spacecraft traveling at cosmic
speed above the rotating earth. I moved backward away from the
spacecraft and approached it facing the ship, with my hands out-
stretched to prevent striking the ship with the helmet faceplate
(or I "spread-eagled" above the spacecraft, like in a free fall
above the earth when making a parachute jump). During the
movement I oriented myself in space to the moving spacecraft and
the "stationary" ‘Sun, which was above my head or behind my back.

During one of the outward trips, as a result of lmprecise
pushoff from the spacecraft there was a complex rotation about
the body's lateral and longitudinal axes. The unblinking stars
began to float before my eyes on the background of the bottomless
dark purple sky, with transition to velvety black. The view of
the stars was replaced by a view of the earth and the Sun. The /102
Sun was very bright and seemed to be embedded in the blackness of
the sky. The angular velocity soon decreased because of twisting
of the tether. Although I could not see the spacecraft while
I was rotating, my impression of my location was retalned perfect-
ly and disorientation was not observed.

In order to recall at every moment where the ship was lo-
cated (when it was not visible), I had to sort of mentally plot
my route with consideration for the angle at which I had left
the ship and how many degrees I had turned. The complex of
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1 ‘ ‘ l 1 1 l psychological impressions which
made orientation possible in-
cluded a mental picture of the
geometric relationships between
the heavenly bodies visible at
the given moment (stars, Sun,
earth) and the invisible space-
craft. Another good reference

point was the tether, when it
was fully stretched.”

It should be noted that in
spite of the numerous training
sessions, complete automatization
of the coordinate representations
of space, in which the spacecraft
is "down," was not achieved.

However, the proposed orienta-

tion technique made it possible
to carry out all the assigned
tasks.

The experiment conducted
by Leonov should be considered
the first step into support-free

cosmic space. In future flights,

when manned spacecraft will

Figure 11. Drawings of A. A.: travel from the earth to the other
Leonov in preparation for sor- pilanets, and the cosmonauts with
tie into support-free space.' . . . .

) the aid of jet propulsion devices
will sortie farther and farther
into support-free space from

their spacecraft, more complex
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problems of the formation of spatilal representations in the new
"peference" coordinate system will arise. In these cases it will
be necessary to have not a single, but two or more coordinate
represéntation systems with different "reference" coordinates,
which presents major difficulties for the cosmonauts, since
studies show that from one coordinate representation

system to another is a complex psychological problem.

Thus, experience in orbital flights and sortie of the cos-
moﬁauts from the spacecraft into support-free space has shown
that man can adapt to orientation under conditions which are’
very unusual for him. In sodoing, relationships between the
sense organs arise which are different from those on earth. Optical,
tactile, and musculo-articular sensations become of primary import-
ance, while the signals from the otolithic apparatus become less
important. This new functional analyzer system is less stable.
in comparison with the natural system, which has been developed
in the course of the protracted evolutionary development of the
organism,

Since the optical analyzer plays the primary role in spatial
orientation under space-flight conditions, it is advisable to
examine in more detail the characteristics of optical perception
in outer space.

VISION IN SPACE /103

In the preceding section we have established that under
welghtless conditions, particularly in support-free space, none
of the indications of the sense organs other then sight can
normally yield valid information for orientation in space far
away from the earth. This 1s understandable if we recall that
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all the receptors with which we are familiar were obviously
developed under the influence of only terrestrial factors and
only the eye developed as a result of the direct influence of
space factors as well. S. I. Vavilov has very aptly termed the
human eye a "solar" organ, in the sense that it has been created,
in addition to all else, by adaptation of the organisms to the
vitally important solar rays coming from space. And it is these
optical sensations and perceptions which had become the basis

of the study of the Universe long before the space flights.

The most important vision characteristics are the acuity
and resolving capability of the eye, and also its converging
and accomodational capabilities. It is these properties of the
vision organs which make it possible to differentiate light
signals of different colors, read the indications of instruments,

perceive spatial relationships in three dimensions, and so on.

We know from aviation psychology that most erroneous pilot
actions (three qﬁartersaaccording to Stevens) depend on mal-
functions in the operation of the optical analyzer. Experience
in exploring outer space shows that the range of problems solved
by the cosmonauts with the aid of the optical organs 1is expand-
ing and becoming more complex from one flight to another. How-
ever, it is well known that cosmonaut activity takes place under
conditions different from those to which pilots are exposed.
This is why the problem of studying the characteristics of
optical organ operation in outer space takes on such great im-
portance. The changes of the optical parameters under the in-
fluence of the unfavorable factors of space flight are being
interpreted not only by’physiologistﬂand psychologists but
also by the spacecraft designers, who need to know what func-

tions man can perform in flight as an operator and, depending
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on this, which of these functions should be transferred to
technical devices (radars and so on) and which should be left

to man.

Prior to flights into space many hypotheses were suggested,
which reduced basically to the fact that the absence of gravity
in orbital flight causes some degree of deformation of the eye-
ball, and this in turn affects in some way the functional cap-
abilities of the eye. It was suggested that the oculomotor
apparatus, which has adapted to operate under conditions of
the normal gravity force, will to one degree or another lose
the motion coordination which had been developed in the process
of life on the earth. And this will also affect depth percep-
tion, the accomodational and other functions of the eye. It
was not clear how the liquid and semiliquid media of the eye
would behave under weightless conditions. All these\questions, /100
at least partially, had to be resolved prior to manned flights
into space.

Studies of vision organ operation under weightless conditions
were initiated during weightless flights in jet airplanes. In
this regard the studies made under conditions of short-lived
weightlessness by Kitayev-Smyk are of considerable interest.

When questioned, he stated that most subjects did not note any
visual perception changes under weightless conditions. How-
ever, some of them remarked: "In the beginning of the weight-
less period I did not see anything," "during weightlessness
everything turned white and became blurred," "everything moved
downward," "during weightlessness I saw only that object at

which I was looking, everything else |[disappeared."

In one series of experiments the subjects were to examine
in the weightless condition figures (circle, square, and so on)
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drawn on a large sheet of white paper. In another series the sub-
Jects observed luminous figures in complete darkness. In both
cases 1t seemed to many of the subjects that the images grew,
became pale, displaced downward, rocked from side to side. If the
subject began to stare intently at some particular part of the
figureithis part stopped moving and diffusing; it contracted

to the normal dimensions but became very bright. The other
portions of the figure behaved as before. As a result the en-
tire figure became distorted: the circle became an ellipse, the
square became pear-shaped, and straight lines became curved. When
the experiment was conducted in complete darkness some subjects

seemed to see a broad violet halo.

What is the mechanism of such illusions? At the present
time we can give only a preliminary answer to this question.
Examining the mechanism of the apparenﬁ growth of the figures,
Kitayev-Smyk suggested the following hypothesis: "Under weight-
less conditions the force of the muscles which spread the eyes
decreases and as a result the eyes converge to the nose — so-
called convergence develops. However, as a rule an individual
fixes his gaze on a definite object (in the present case on the
image of the geometric figure). And in order that the object
remain in the field of view the muscles which prevent convergence
of the eyes will automatically tense up. In this case feedback
immediately comes into play; the muscles signal the brain con-
cerning this additional effort. The brain processes the signal
and as a result the individual thinks: the visible figure
either has broadened or moved farther away (under normal con-
ditions this muscle tension is asspciated only with broadening
or moving away of an object). But the second condition — marked
increase of the distance to the object — would be possible only
if the airplane cabin wall were to suddenly move back. The
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subject knows very well that this cannot occur. Therefore,common
sense corrects the information received; only the first possibil-

ity reaches the individual — "the figure broadened."

However, we note that under weightless conditions some 1n-
dividuals develop illusions of increasing distance. For example,
it seemed to pilot M in one of his first flights along the
Kepler ballistic trajectory curve that the "pool" became longer.
The pilot Stallings noted spatial illusions of increasing dis-
tance of the airplane control organs under weightless conditions.
He wrote: "Initially I developed some erroneous sensations
during weightlessness, as if I had to stretch in order to reach
the various controls."

According to Kitayev-Smyk, vision disturbances during
brief periods of weightlessness usually develop only at the
beginning and decrease toward the end of the experiment. And
after several flights the 1llusions disappear, adaptation to
the changed conditions takes place.

Studies by American scientists have shown that visual

acuity under brief weightless conditions decreases on the average
by 6%.

Studies made on Soviet cosmonauts have not shown this pattern.
It is true that these studies were made when the cosmonauts
already had some "flight time" under weightless conditions.

Of particular interest are the reports of the first cos-

monauts on their visual perceptions when performing space
flights.
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Both the Soviet and American cosmonauts noted in their
reports that such rivers as the Volga, Amazon, and Nile, major
highways, landing strips, ships at sea, and airplane condensation
trails, can be identified from an altitude of 200-300 km. From
the porthole of the Voskhod-2 spacecraft Belyayev observed
an artificial earth satellite passing by at about the same al-
titude.

We mentioned previously that the size of the image on the
retina, tension of the eye muscles, accomodation and convergence,
disparity of the left and right images — all these are important
elements of those processes which permit perception of dis-
tance, three-dimensionality, size, and shape of objects. How-
ever, studies have shown, for example, that accomodation acts
at distances only up to 25 meters, and convergence up to 300-

350 meters. Beyond these limits the perception of size and
remoteness is based on certain indirect characteristics: com-
parison with other objects whose dimensions are known, sharpness
-0of the contours, and so on.

Conditions may arise in outer space when the cosmonaut
will not be able to see either the earth or any other references.
Such conditions have been called "unoriented vision." In this
case visual perception effectiveness decreases and sometimes
various illusory sensations develop. ’

Physiological optics has established that in the case of
"unoriented vision" the eye is focused not for distant vision,
but rather for perception of an object at a relatively short
distance. 1In this connection the individual becomes effectively
near-sighted. This leads to considerable loss of ability to

estimate distance, which can in certain cases interfere with
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cosmonaut functioning. For example, during the flight of the
American astronauts McDivitt and White in Gemini-4 they were
assigned the task of rendezvous with the second stage of the
booster rocket, determining visually the distance to the
docking target. McDivitt determined the distance to the target
as 120 meters while the actual distance was 600 meters. This
1s why spacecraft must be equipped with special locators to
provide determination of the distance between the ship and the

docking target, and also to measure their relative velocities.

No less interesting is another fact. The American astro-
naut Cooper reported that he saw buildings and other structures
in Tibet during orbital flight with the unaided eye. However,
calculations showed that the resolving power of man's eye does
not permit identifying such objects from this altitude. The
American investigators suggested that Cooper was having hal-
lucinations.

Analyzing Cooper's report, we suggested that the astronaut
had a recognition illusion due to insufficient information con-
tent of the stimuli. This hypothesis is confirmed to some degree
by the following special experiment, using a différent analy-

zer, it is true — the hearing analyzer.

Subject S was under isolation conditions 1n an isolation
chamber. During the course of the experiment various sounds were
transmitted into the chamber in partial and muffled form. The
subject was supposed to report in real time all the sound
phenomena perceived. In many cases when S knew what was going

on outside (say, electrophysiological recording, special monitor-

ing of tape recordings by servicing personnel after summary re-
ports, and so on) he perceived quite accurately the noises and
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conversations in the control room. However, in circumstances
when the situation was not clear to the subject, he made serious
errors. Thus, S evaluated the meaning of a conversation in-
correctly, did not recognize a voice, and thought the noise of
an electric motor operating in the control room was a tape re-
corder playback of a certain song being sung by Robertino
Loretti. The subject was firmly convinced that his sensations
were real.

We also evaluated this phenomenon under conditions of pro-
tracted isolation as a stimulus recognition illusion with in-
adequate informational characteristic for precise perception.
The real-time reporting technique was of assistance in making
the correct classification of the recognition illusion. With-
out real-time reporting S's sense illusions might have been
classified as hallucinations.

For a more precise understanding of the mechanisms of the
origin of these illusions, we must at least briefly examine
the nature of the I1nterrelation of man's sensory organization
and the informative medium. According to Anan'yev, the com-
position and structure of sense reflection form the sensory
organization, which depends on the individual's mode of 1life
and activity. Depending on these factors, there is formed a
definite interaction of the analyzers, theilr coordination, and
relative domination of each of the analyzers. In addition to
the general species characteristic, man's sensory organization
has individual features which depend on the inherent anatomical
and physiological peculiarities of the analyzers, on the con-
crete activity experience, on the entire ensemble of influence
of the conditions of the social interrelationships into which

the given individual enters.
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The sense organs of a living being are not windows for the
reception of just any arbitrary information, but rather ex-
tremely delicate instruments for continuous tracking, investi-
gation, and selection of the essential phenomena in the outside
world. The incoming signals fall not on the clean slate of our
perceptions but rather on a prepared program of reception and
reaction.

- The path followed by the information arriving from the
surrounding medium until its inclusion in the general behavior
of an individual can be represented schematically as follows.
An individual, orienting himself in reality, makes purposeful
use of the information coming from outside on the basis of the
capability of his sensory organization to analyze the coded-
signal characteristics of the surrounding medium. The infor-
mation coming to the brain from the sense organs 1s compared
with the information stored in the memory. As expressed by
Zinchenko, the untrained sensory system when receiving a huge
amount of information remains blind, since it does not have
criteria for separating the useful signals from the noise.
Using the words of Leont'yev, the reflection process is there-
fore the "result not of action but rather of interaction, i.e.,
the result of processes proceeding essentially in opposition to
one another. One of them is the process of action of the object
on the living system, the other 1s the activity of the system
itself with respect to the influencing object. This latter
process, thanks to its similarity to the independent properties
of reality, includes in itself its reflection" (1966, p. 53).

In those cases in which the informational characteristic

of the object is not adequate, the "comparison" process proceeds
by means of probabilistic "construction" with exteriorization of
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its representations corresponding to the assumed object. In

many cases the image which arises as a result of "inadéquate"
interaction of the exteriorized representation with the stimuli

being received may not correspond to the real object, but is
subjectively identified with it. 1In these cases the individual [}9@

becomes convinced of the validity of the perceived information.

Thus we see that the cosmonauts' reports are based on
integral perception, which is made up from operation of both the
peripheral segment of the optical analyzer — the eye — and also
the higher psychic functions (representation and so on). All
this imposes some subjective imprint and makes it impossible
to formulate exact data on the operation of the individual parts
which constitute the optical analyzer. To solve practical
questions associated with the inclusion of man in the space-~
craft control system, we need more complete and objective data
which will make it possible to evaluate the operation of both the
eye itself and the functioning of the cortical segments of the
optical analyzer. The corresponding studies were initiated
with the second space flight. For example, during his orbital
flight Titov had available optical instruments which permitted
magnifying visible objects on the earth and thus he could verify
the data obtained by the unaided eye. ‘

Studies carried out by Akulinichev, Yemel'yanov, and
Maksimov made it possible to evaluate the oculomotor activity
of cosmonauts Nikolayev, Popovich, Bykovskiy, and Tereshkova
during their first and second group flights. JSpecial electrodes
were attached on the left and right at the outside corners
of the eyes to register the oculomotor activity. The signal from
the electrodes passed through an amplification system to the
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spacecraft raiotelemetry system and was recorded by the ground

stations.

In analyzing the oculogram the number of eye movements per
minute, the amplitude, symmetry, and also the nature of the eye
movement (slow, fast, nystagmoidal) were determined. Investi-
gations by Maksimov and Boyko showed that in the case of constant
eye movement velocity the recording of the eye motion velocity
oculomotor activity by an ac amplifier yields the electrooculo-
gram amplitude, which is proportional to the gaze shift angle.

In accordance with its magnitude (in microvolts), there
were identified small-amplitude, medium-amplitude, and large-
amplitude eye motions from the gaze center.

Analysis of the telemetered data showed that there is a
stable increase of oculomotor activity for all the cosmonauts
in the course of the flight. While under ground conditions when
conducting tests in the Vostok spacecraft trainehpthe number of
eye motions did not exceed 40 per minute; in the first orbits
of the flight the number reached 300-400 per minute in certain
segments. The average number of motions also exceeded con- /109
siderably the values observed under normal conditions, and marked
individual characteristics were noted among the cosmonauts. Thus,
for Bykovskiy the average number of eye motions reached 90-110
motions per minute in the beginning of the flight while the
number for Tereshkova was 40—70 (Figure 12).

Of interest 1s the fact that in the beginning of the flight

large-amplitude motions dominated, which were often of the

nature of "driving" of the eyes. As the flight continued,

the eye motions became increasingly coordinated, faster, and
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Figure 12. Variation of eye motion frequency for Bykovskiy (I)

and Tereshkova (II) during group space flight (duration of
each orbit about 90 minutes).

their frequency also decreased. In place of continuous oculo-
motor activity, on the elctrooculogram at the end of the

first day of the flight there were recorded groups of rapid
motions of varying amplitudes, and then individual motions.
The reduction of the oculomotor activity by the second and
third days was particularly marked. At this time the average
eye motion frequency was in the range of 12-65 per minute.

The eye motion frequency decreased sharply in the period prior
to going to sleep and during sleep, so that individual move-
ments were recorded on the electrooculogram and motions were

entirely absent for several minutes.

We mentioned previously that the eye 1s intimately connected

with the vestibular analyzer and stimulation of the latter's
centers affects the oculomotor muscle tonus, The cosmonauts
were assigned special vestibular experiments (tilting the head
and trunk forward) during flight in order to study the effect
of vestibular apparatus excitation on oculomotor activity.

In this test Popovich's recording showed asymmetry of the
oculomotor activity, which the authors believe was due to
change of the functional condition and shifting of the eye
muscle tonus. In this connection it is interesting to note
that in the resting state Popovich did not observe during the

161



flight any changes in the operation of the vestibular apparatus,
but when tilting the head and trunk forward he developed sen-
sations similar to those observed during rotation in the Barany
chair on the ground.

8th ana u45'P orbits, i.e., prior /110
to going to sleep and shortly after awakening, brief nystagmoidal

During Tereshkova's 3

motions were recorded. The occurrence of the nystagmoidal
motions Just before going to sleep and shortly after waking up '
is probably explained by the fact that it is during these per-
iods that the correcting actions of the higher sections of the
central nervous system subcortical formation functioning be-
come weakest.

Summarizing the data of these investigations, we can con-
clude that during three-to five-day orbital flights the cos-
monauts did not suffer stable disruptions of eye motion coordina-
tion. The increase of the number of eye movements during the
first orbits of a flight and also the occurrence of a brief
change of the nature and asymmetry of the oculomotor reactions
in Popovich and Tereshkova cdan be explained both by the direct
effect of welghtlessness on the oculomotor &dpparatus of the sight
organs and also by the indirect effect through the vestibular
apparatus. In explaining the oculomotor activity in the beginning
of the flight we must also take 1nto consideration the un-
usual nature of the situation and the emotional stress. These
same factors obviously also explain the disruption of eye move-
ment coordination, the occurrence of the so-called swimming motions

or continuous "driving" of the eyes.

As adaptation to the unusual situation and weightless
conditions takes place, the eye movements become more coordinated
and faster, and then more infrequent as well. During the second
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and third days these movements approach in their nature the
movements recorded during multi-day training sessions in the

spacecraft trainer.

The study of the influence of extended weightlessness
on the sight organs was continued during the Voskhod and
Voshkod-2 flights. The program for these studies included
methods for studying the resolution of the eye, the dynamics
of visual operator work capacity, and the characteristics of

perception by the individual of various objects and colors.

The use of conventional techniques for studying these
functions was not possible, since they require large distances
between the subjects and the special charts used, adequate il-
lumination, and sometimes even cumbersome apparatus. In
this connection V. Popov and N. Boyko developed and utilized
special methods.

The standard Mir line charts, which were inserted into
the flight logbook, were used to study the resolving capability
of the eye in space flight. 1In all, 25 Mir charts with different
line frequencies were used, which made it possible to determine
visual acuity from 0.3 to 2.2 units. The charts were viewed
from a distance of 300 mm. In addition, the visual acuity /111
of the Voskhod spacecraft crew commander V. M. Komarov was
checked 1in flight with the aid of Landholt rings.

In order to exclude the influence of eye astigmatism on
visual acuity, the Mir charts included four groups of lines
whose directions were different. The cosmonaut's task in-
cluded determination of that Mir set in which he could just
barely but quite certainly differentiate the direction of

the lines in all four groups.
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It is well knowh that under space-flight conditions several
factors in addition to weightlessness act on the individual.
These investigations were also conducted prior to flight in the
spacecraft trainer, where nearly all the space flight conditions
except for weightlessness were simulated, in order to identify
the influence of weightlessness. On this basls we established
that those additional changes which were recorded}in flight are
basically the result of the effect on the organlsm of weight-

lessness and emotional factors.

In analyzing the optical resolution capability of the
cosmonauts large deviations were obtained, even in the studies
under spacecraft trainer conditions, in comparison with the
data obtained in the laboratory, where optimal conditions for
perception were created. These changes can in all probability
be associated with the adaptational processes of the organism
which finds 1itself 1n changed conditions of existence, and also
by the different illumination in the spacecraft and in the
laboratory.

One of the authors (Leonov) together with Belyayev took
part in this scientific research study. We presént the results
on determination of visual acuity, obtained in the spacecraft
trainer and under flight conditions (during the fifth and
sixth orbits):

Laboratory Spacecraft trainer iSpace flight

(5 measurements) (2 measurements) (2 measure-
ments)
A. A. Leonov..... 1.7 1.4 1.64
P. I. Belyayev... 1.7 L . 1.34
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We see from these data that the resolving capability of
the optical analyzer changes only very slightly in a one-day
flight. Since no study of visual acuilty in the spacecraft
trainer was made with Belyayev, it is difficult to explain
the deterioration of his vision under flight conditions in
comparison with the laboratory studies. A study of the visual
acuity of cosmonauts Komarov, Feoktistov, and Yegorov also
did not disclose any marked influence of the weightless state
on visual acuity during flight of the Voskhod spacecraft.

The Mir charts were also used to defermine the visual /il2
work capacity of the cosmonauts in flight. In this test the
subject found one element of the chart in which he could count
the number of lines at a distance of 300 mm. The quality of the
visual operator work capacity was judged by the number of the
Mir set with which the cosmonaut worked, the number of errors
made, and the time spent on the test. Voluntary choice of
the Mir chart element excluded the influence of visual acuity
on the test results, since the cosmonaut in any case worked
with a magnitude which was above his threshold, 1l.e., above the

normal level under conventional conditions.

The change of cosmonaut performance in flight was evaluated
on the basis of the ratio of the number of errors to the actual
number of lines being counted. It is obvious that the time
spent on the test and also the size of the lines selected
for counting in relation to the eye's resolving capability
thpeshold played a major role in the over-all characterization
of visual operator activity.

The studies made aboard the Voskhod spacecraft showed some
reduction of performance reliability for Yegorov (oy 43%),
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while the comparable figure for Komarov was 25%. While Yegorov

selected a Mir chart for counting of lines which exceeded his
visual acuity threshold by U45%, Komarov used a chart which was

only 20% above his threshold.

Visual work capacity was determined during the Voskhod

spacecraft flight. The results of the experiments to determine

the visual operator work capaclty in the laboratory, space-
craft tralner, and in space flight for Leonov and Belyayev

are summarized in Table 1.

TABLE 1
Laboratory; Spacecraft Flight
trainer;
L " L " s -
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A. Leonov 100 36 0.95 | 88 60 1.1 |75 90 1.2
P. Belyayev l100 |43 [1.17 |— — | — |80.0|— | 1.06

We see from these data that the visual operator
work capacity decreases somewhat in space flight. To find
the reasons for this phenomenon (assuming that the resolving
capabllity of the eye does not change under weightless con-
ditions), we must examine the physiological mechanism of the
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visual operator work capacity when performing the task described
above.

We mentioned in the first section of this chapter that /113
in the process of examining stationary objects the human eye
is in a state of rest (fixation) only a short time, after which
the eye performs a whole series of jumps from one point of
fixation to another. In counting the lines in the Mir chart
the fixation change under terrestrial conditions takes place
after about 1/60 of a second, and the duration of the fixation

point change depends on the angle at which the points being
observed are seen. If we examine points located at an angle of
1° (when working with the Mir charts), this time approaches 1/100
of a second, for an angle of 2° it approaches 2/100 of a second,
and so on. When viewing two adjacent lines of the chart the
cosmonaut fixes his view on a minimum of four points; when he
shifts to the next line he fixes on four more points, and so on.
Thus, the eye muscles receive a preprogrammed series of impulses
with a repetition frequency of about one pulse per 1/100 of

a second. "Under weightless conditions," write Ivanov, Popov,
and Khachaturyants, "along with the geperal motion discoordination
there is to some degree a loss of coordination of the oculomotor
muscle group. Under weightless conditions the mass of the eye and
its moments of inertia remain unchanged, but because of the loss
of weight the friction in the mobile tissues of the eye de-
creases and therefore the force of the muscle group which must
change the gagze fixation point becomes excessive, as a result

of which the gaze "skips" the required point. A new adjustment
of the eye is required and this is hard to accomplish in the
given time segment, since after 0.01 second the next impulse
arrives, strikes in the refractory phase period, and consequently
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is skipped. Thus, it appears that the basic reason for the re-
liability decrease during visual operator work under weightless
conditions is discoordination of the oculomotor apparatus. When
counting larger details this does not occur, since the impulse
repetition period increases sharply with increase of the resolu-
tion angle" (1968, p. 437).

During the Voskhod-2 spacecraft flight the cosmonauts
were also posed the task of studying color perception inside
the ship, for which a special chart was used. 1In this chart
there were six different colored strips, arranged alongside
black-to-white stepped wedges. We know that as the brightness
is decreased all colors approach black. Therefore, the colors
can be compared on the basis of this characteristic. For the study
we selected the three primary colors — red, green, and
blue — and the three complementary colors — cyan, magenta,
and yellow. The cosmonauts were to find for each color that
fleld of the black and white wedge which has the same brightness
as the color in question.

The comparative results of control (or background) and
in-flight studies performed in daylight made it possible for é;;ﬂ
Popov and Boyko to determine the differential changes in
color perception. It was found that under weightless conditions
the subjective brightness of the colors decreased markedly.

The average decrease for all the colors exposed was 26.1%

for Belyayev and 25% for Leonov. The largest deviations were
observed in determining the magenta and cyan; there

was somewhat less difference in determining red. The decrease for
the other colored strips did not exceed 10%. Increase of the
brightness was not noted in any case. The reason for the
considerable decrease of the subjective brightness of the
individual colors under weightless conditions is not yet clear,
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and its determination requires additional and more refined
studies. However;the noted effect did not prevent Leonov from
making several space landscape sketches during flight and also

from memory.

These test results show that under welghtless conditions
the functional capabilities of the optical analyzer are subject
to definite changes. To a considerable degree this applies to
both the oculomotor function and visual operator work capacity.
Visual acuity does not undergo any changes. But we should empa-
size that the problem of visual functions under space flight
conditions need further study.

PSYCHOLOGICAL CHARACTERISTICS OF ORIENTATION
BY INSTRUMENTS IN INTERPLANETARY FLIGHT

We have already established that of all the sense organs
the most effective for orientation in outer space is the
optical analyzer. Man uses vision to orient himself in the
spacecraft and to perceive celestial bodies and other objects
in outer space. Howevef;the unaided eye becomés ineffective
for orientation in interplanetary flight. Here speclal naviga-
tional instruments must be used, and this introduces significant.
changes in the activity of those psychophysiological systems
which accomplish spatial orientation.

The change of the orientation process structure associated
with the use of instruments was first noted in study of pilot
activity. In conventional flight, as noted by B. S. Alyakrinskiy,
vision permits the pilot not only to obtain information from the
instruments located in the cockpit but also to accomplish quite
long-range orientation from a "bird's eye view." The pilot must
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have a clear perception of surface reference points in order

to construct correctly the flight regime. The point from which
the pilot begins to create his orientation scheme lies outside
the airplane, on the surface.

The situation changes markedly when shifting to piloting
by instruments. Here the center of orientation is psychologically
transferred to the airplane cockpit. As Platonov emphasizes,
the major factor is "mental skill in indirect and dynamic
orientation." Under these conditions the individual judges his
location in space not as a result of direct impressions from the
natural and customary reference points, but rather with the
ald of a system of technical devices which essentially "wedge
in" between the pilot's or cosmonaut's sense organs and the
real situation. Moreover, as we have said previously, the infor-
mation coming to the pilot from the instruments is usually
coded and the pilot is faced with the decoding task, which is
usually not present during visual flight. However,the primary
difficulty in decoding lies in the fact that the meaning of
each individual signal can be understood only when it is compared
with other signals. 1In other words, in the course of obtaining
information during blind flight the individual pilot must not
only quickly "read out" (i.e., correctly determine and decode
the instrument indications) but also no less quickly correlate
the arriving information into an integrated image of the flight
vehicle attitude in space. In so doing the pilot's reaction to
change of the situation is accomplished in accordance with the
scheme "instrument-psychic image-motion." It is obvious that
the process of indirect orientation requires considerable more
time than does direct orlentation.

However, as V. A. Sychev points out, as the pilot masters
the skill of instrument flight, he begins to react in accordance
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with "instrument-motion" scheme. This conclusion is also con-
firmed by the data of Frantsev, Yegorov, and Kostyuk, who
questioned 62 pilots flying modern airplanes. Of these pilots
47 had more than 1000 flight hours (experienced pilot group),
and 15 had less than 500 hours (junior pilot group).

All the junior pilots questioned noted that when piloting,
i.e., when maintaining a definite spatial attitude of the air-
plane, they transform the instrument indications into a psychic
image of the airplane attitude, on the basis of which airplane
control is then accomplished. Thus, pilot-third-class K, with
a flight time of about 200 hours, reported that when flying by
instruments an image of the spatial attitude of the airplane
always developsj he essentially "sees" his airplane from the out-
side. After each control action he performs a mental and pic-
torial check.

In the experienced pillot group 44 individuals reported that
when piloting they use only the instrument image and act in
accordance with the "instrument-motion" scheme (only three in-
dividuals of this group noted that control is accomplished in

accordance with the "instrument-image-motion" scheme).

During flights under actual instrument conditions they
determine the airplane attitude abstractly from the instrument
indications without the use of any image of the airplane or the
position of its components.

This is also evidenced by analysis of human activity as-

sociated not with actual objects but rather with their replace-

ments or images simulating them (Zinchenko, Leont'yev, and Panov).
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The authors consider that if the operator is remote from the
actual control of the object and must follow the indications of
several instruments and react to their changes (as when main-
taining the spatial attitude of an airplane), then he relates the
instrument indication data directly with the required action.
Under these conditions the operator has no need to mentally
relate each time the instrument indications with the condition

of the object belng controlled. He Lneed_only learn by heart

the possible instrument indications and those actions which

he must make 1n response to the changes taking place. In this
operating regime, to maintain the spatial attitude of the air-
plane the pilot essentially becomes like an automated control
system — the autopilot, which is widely used in modern airplanes.

However, in those cases 1n which complications arise 1n
flight, when performing an intentional maneuver (i.e., transition
from "regulating" actions to "controlling" actionsj,the pilots

again utilize a psychic image of the spatial attitude of the
airplane.

This is how the test pilot M. L. Gallay describes this
transition to the psychic image of the spatial attitude: "I
picture how the pilot's eye moves from instrument to instrument
during the course of this turn: bank angle, load factor, speed,

rate of climb, heading, again bank angle, again speed..... In-
ertia forces his body into the seat. The ship shudders from the
loads.... Beyond the cockplit windows covered with condensation

there is dense white mist, but the pilot by his inner sight dev-
eloped through years of flylng sees that intricate curve, lying

Just at the edge of what 1s possible, which his machine des-
cribes."
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This example shows graphically how the pilot on the
basis of the instrument indication (information model) develops
the psychic image (conceptual model) of the spatial attitude of
the airplane. Only after the operator has constructed in his
mind the conceptual model of the situation does he make a de-
cision and accomplish the controlling actions.

As Zinchenko emphasizes, it is interesting here, first
of all, that the pilot sees not so much the instruments as he
does the flight trajectory, i.e., on the basis of the instrument /117
indications he creates a picture of the airplane's behavior.
Second, this inner vision is developed after years of flying.
In order to convert the indications of the individual instru-
ments into the inner picture of the flight trajectory the pilot
must perform a large number of complex information transformations.
This 1s why it is very important in facilitating the work of
operators controlling vehicles in space to create the "contact
-analogs" which we have mentioned in the preceding chapter.

It is interesting that in discussing flights, when the
commander analyzes errors made by a particular pilot, all the
pilots present, without exception, develop a clear image of

the spatial attitude of the airplane.

When accomplishing dynamic orientation in flight the
pilot must recall the corresponding information obtained in
the recent past (i.e., he must have a good operative memory),
‘and must also foresee his location in the near future. No
less important i1s the fact that the pilot or cosmonaut, de-
pending on the flight vehicle speed and the nature of the sur-
rounding ambient situation, is forced to read the instrument
indications and determine his spatial attitude at a rate which
is imposed on him.
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In general, the use of instrument indications introduces
serious changes in the activity of those functional systems which
perform spatial orientation. This also affects to one degree
or another the activity of the entire central nervous system.

It is obvious that the physiological systems which realize
spatial orientation in blind flying include higher cortical
levels (specifically the speech levels) than in orientation using
natural references. The new functional system for reflecting
spatial interrelationships which is formed is more complex than
the conventional system.

However, since this system is created in the course of a
comparatively short time interval,its stability is relatively
low. PFatigue, and also the influence of other unfavorable factors
on the human organism, can quickly disrupt this system and cause
illusions (banking, turning, descent, inverted flight, and so on).

The physiological mechanisms of the illusions in blind
flying in an airplane are varied. It 1is customary to divide the
illusions into forms corresponding to the perception modes
(optical, vestibular). Several illusions are associated with
simultaneous participation in their formation of two or three
analyzers (opticotactile, opticovestipular, and other illusions).
The most detailed data on these problems is presented in studies
of Platonov, Gorbov, Alykrinskiy, Derevyanko and others. Here
we shall simply emphasize the idea of Platonov that we "must not
confuse the concepts of 'illusion in flight' and 'loss of orien-
tation'". Loss of orientation in the case of an illusion may be
caused not by disruption of the perceptions but rather by non-
critical reasoning. However, an 1llusion, sometimes even a very
marked one, may not lead to loss of orientation if the pilot
relates critically to the illusion. "It seemed to me that I was
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flylng with a bank angle, but by looking at the instruments.I knew
that I was flying wings level," says the pilot in such cases. But
the pilot need only lose his confidence in the instrument read-
ings and he will lose his orientation" (1960, p. 166).

One of the measures directed toward prevention of illusions
is development in the pilots of confidence in the instrument in-
dications. When an illusion does develop the pilot is categorir
cally forbidden to be guided in his activity by his sensations and
is directed to control the airplane only on the basis of the in-
strument indications.

All that we have said in this section related to spatial _
orientation of the pilot using instruments during airplane flights.
However, activity of this sort underorbital and interplanetary
flight conditions has its own psychological specifics.

During orbital flights, just as in airplane flights, the
cosmonauts can observe the surface of the earth, the Moon, Sun,
and stars directly through the portholes or through the Vzor
sight system. The cosmonauts can determine their location in space
by the "passage" of the earth and recognition of surface objects.
While during airplane flights the pilot must constantly orient
himself relative to the horizon line, under near-earth space con-
ditions there is no need for this. When orienting by means of
the Globus instrument or a map, the cosmonaut projects his
location on some segment of the surface of our planet without
worrying about the attitude of his body and the spacecraft struc-
ture relative to the direction of flight and the horizon line.
The need for solving problems of the latter type arises only
when approaching a docking target, orienting the ship for landing,
or when performing certain maneuvers (changing orbital inclination,
orbital altitude, and so on).
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Briefly speaking, in the orbital flight process the cos-
monaut 1s always in a position to represent concrete segments of
the earth's surface and trace the trajectory in relation to more
or less concrete earth references. He can, for example, reason
as follows: "Ten minutes ago I was over North Africa. Now
I am above the Black Sea, and in ten minutes I will be passing the
Ural Mountain region." Thus, we see that when performing an
orbital space flight the cosmonaut, using instrument indications
or making direct observations, constructs the space orientation /119
scheme "in earth fashion."

In contrast with orbital flights, 1interplanetary flights
will take place not between two relatively stationary fixed
points located on the earth but rather between two celestial
bodies traveling in cosmic space with different velocities.
Trips to the other planets will take not days or weeks but
many months or years (for example, about five months to Venus,
nine months to Mars, and so on). The cosmonauts cannot
observe the earth's surface and orient themselves by particular
areas of the earth. They will have to determine the location
of the spacecraft from stars which are selected as "reference"
stars in an entirely different, unusual coordinate system.
Moreover, although the interplanetary voyagers will see constel-
lations which are familiar on the earth, there will unfold be-
fore them an unusual stellar sky pattern, encompassing
the luminaries of the entire celestial sphere and not simply
the northern or southern hemispheres. Such a pattern has been
observed by the American astronauts during their flights to the
Moon. On the other hand, the celestial sphere will seem frozen
in place:— there will be an illusion of absence of motion of the
spacecraft, reinforced by the complete quiet (except for the
slight, uniform noise of the electronic instruments, which is
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hardly comparable, however, with the noise of operating pro-
pulsion engines).

In this situation the psychological difficulties in orienta-
tion by instruments increase markedly. The cosmonauts will
be able to determine the flight trajectory (or check the cor-
responding information transmitted from ground observation
stations) only by measuring with the aid of telescopes the angles
of the "reference" celestial bodies and analysis of the results
obtained using onboard electronic computers, which will then
find the location of the spacecraft in the selected coordinate
system. This position is expressed in some "abstract" point,
which is not directly tied to any natural reference point. Nor
1s the calculated point at which the spacecraft must arrive at
a given time easily visualized, since the flight trajectory is
calculated with a lead angle and the planet serving as the trip
objective is located at an entirely different point at the moment
of calculation. To this we must add that 1t is not as easy
for the cosmonauts as for the airplane pilot to correct the
flight course. Space flight requires exceptional precision and
timeliness of the reception and analysis of the navigational
information. The very smallest error may lead to catastrophe
and death of the cosmonauts.

Since interplanetary flight will take place in a coordinate
system which is qualitatively different from the system to
which man, living on the earth, 1s accustomed, he will be required
to develop in himself new psychic representations correspond-
ing to this system.

In many cases this transition presents serious difficulties,
as indicated both by the history of the development of concepts
and theories of space-time relationships and experimental
psychological investigations. We shall examine some of these
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difficulties,

In analyzing the theoretical problems of spatial perception
and representation, F. N. Shemyakin identifies three aspects
of this problem. The first relates to the material space sur-
rounding man, which exists objectively and independently of
human consciousness. Man perceives and 1s capable of percelving
only material space, which is made up from sensory representation
of magnitudes and figures, distances and directions, and also
depth. The psychological and psychophysical mechanisms of the
origin of the spatial images and localization in space of things
and phenomena have been analyzed in some detail. Here we simply
note that Helmholtz and Sechenov have stated that in adult man the
facts of spatial vision have the form of representatiodé{ In the
sensory reflection of space by the brain it is extremely difficult
to separate perception and representation from one another. Today
it is customary to call this connection or fusion of percep-
tions and representations in sensory cognition of space the
"phenomenal" or "perceptive" space.

The second aspect relates to geometric space which, being
a reflection of physical space, is not in itself material.
This is an ideal space constructed on the basis of a system of
geometric axioms. Objective space is studied in physics and
geometry. Material space 1s called "physical" in the sense
that its laws are expressed in physics. The expression
"Euclidean" or "non-Euclidean" space has a double meaning:
one when we speak of ideal geometric space, and another when we
speak of material space. When we speak of material space as
"Euclidean" or "non-Euclidean" we have in mind that its laws
are expressed either in Euclidean geometry or in non-Euclidean
geometries.
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The ideal space of Euclidean geometry is isotopic,
or uniform, at each point of space, and is also isotropic,
i.e., the same in all directions from each point. 1In this space
there are no "distinguished" points or "distinguished" directions.
"In this ideal geometric space," writes Shemyakin, "we are free
to mentally take any point as the coordinate system origin
and shift it to any other point. The situation is different
with our perceptions of space: 1in these perceptions there is
of necessity a distinguished point — the place where we are loc-
ated and from which we perceive our surroundings. In these
perceptions there are "distinguished" directions — this is the
"up-down" pair imposed by earth gravity. The distinguished
point serves as the natural coordinate system origin of our
perception of space. We can replace it by another point only
by leaving our previous location in space. The distinguished
pair of directions forms the basis for the fact that we perceive
surrounding space relative to the posture of our body, represent-
ed as normal: this is its vertical attitude, perpendicular to
the horizontal plane of the earth's surface" (1968, p. 20).

E. Hering and H. Stumpf were the first to point out that
in our phenomenon space the three pairs of directions are sub-
Jectively distinguished. These are the directions "up" and "down,"
"forward" and "backward," and "right" and "left." Each of these
six directions is sensed as a particular quality of space. There-
fore;these authors conclude that phenomenon space is not iso-
tropic but is rather anisotropic. Anisotrop is incompatible
with the ideal Euclidean geometric space. However, neither
Hering nor Stumpf concluded from the anisotrop of phenomenon
space that it has a non-Euclidean structure. They assumed that
the structure of phenomenon space is expressed in three mutually
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perpendicular planes of vision. These three planes — horizontal,
frontal, and medial — intersect one another at the level of

man's eyes when his body is erect. They form a system of
rectangular coordinates and in contrast wlth the Gaussian
coordinates characterize non-Euclidean space and only this

space. The three pairs of subjectively distinguished directions
mentioned above appear as the axes of this coordinate system.

Their qualities are the sensory references and perform the functions
of the letters "x," "y," and"z," which denote rectangular co-

ordinate axes.

Thus, Hering and Stumpf stated that phenomenon space
corresponds in its structure to the ideal Euclidean geometric
space. Being nativists, they ascribed to the retina of the
eye the inherent capability to provide the Euclidean and no
other structure of:phenomenon space. They considered this
structure to be natural for the eye.

Thelr opponents — the geneticists — also accepted the Euclidean
structure as natural for phenomenon space, although for different
motives. H. Lotze, for example, stated that Euclidean uniform
and isotropic space defines completely thejinnerfgeometric
structure of our perceptions and representations. Only Euclidean
geometry space 1s ideal and non-Euclidean geometries are, in
the literal expression of Lotze, "a logical barbarism." In
contrast with Lotze, Stumpf conceded ﬁon—Euclidean_geometries /122
a right to existence but evaluated them as "purely analytic
space," having no relationship to phenomenon space.

This view of the correspondence between our phenomenon

space and ideal Euclidean space reigned in human psychology
up until the creation of Einstein's theory of relativity.
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The third aspect which Shemyakin identifies in analyzing
the spatial perception problem relates to world space. After
the experimental confirmation of Einstein's general theory
of relativity,it was proved that the imner geometry of world
space 1s. non-Euclidean and that Euclidean space represents an infi-

nitesimal part of non-Euclidean universe space.

After creation of the theory of relativity the proponents
of the correctness of the three-dimensional viewpoint did not
immediately yield their position. Prominent physicists and
mathematicians of the turn of the century (Cassirer, Schilder,
and others) stated that our perceptions and representations are
adapted only to the world of Euclidean geometry and classical
mechanics, as a result of which the concepts of space and time
in relativity theory are not representable graphically and are
forever. doomed to "remain on the tip of the pencil." Einstein
in his report, "Geometry and Experiment," defended the graphical
representability of these concepts. He finished the report with
the statement that "human capabillity for mental representation
should not in any way capitulate to non-Euclidean geometry."
He repeatedly emphasized that physical space 1s three-dimensional
and that the expression "four-dimensional continuum" indicates
only that a fourth coordinate — time — must be added to three-dim-
ensional space.

The physiologist, A. A. Ukhtomskiy, supported Einstein's
theory of relativity. He wrote that "man's experience, his
basic integrative images and physiological perceptions can
be changed and transformed in accordance with the new concepts
of space and time" (1950, p. 195).
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We have already said that the interconnection between
space and time perception is continuous and merged into a
sort of space-time continuum. We shall discuss this in more
detail in the next chapter. Here we simply note again that
neither the space-time continuum nor the structures corres-
ponding to the requirements of non-Euclidean geometry are for-
eign in any way to our perceptions and representations.

- However, in spite of the fact that the theory of relativity
in connection with space flights enters into the experience of
modern man, this theory is still difficult for people to under-
stand. Ideas on "empty space" and "space as such" still inter-
fere with understanding the theory of relativity. As an
example we cite the statements of two subjects, recorded by
Shemyakin in conducting experiments on space concepts. "I'm
ready to believe that time will pass slower in a space ship than
here on the earth," said the first subject, "but I just can't

plcture this. Imagine that I mentally pass a section through the
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universe. All>ﬁaihts on this section will be synchrohous.JThis means

that my "now" is "now" for the entire universe." In this statement

|
space appears as a stationary world reservoir, just as Isaac Newton

considered it to be. The statement of the second subject is‘associA
ated with the deflection of a light ray by the Sun's gravity field:

"There is always an ideal perfect straight line connecting two
points, in spite of any gravitational fields." The deflection
of a 1light ray by a gravity field, according to the theory

of relativity, is one of the facts which indicate the curvature
of world space. The subject states that world space "as such"
is Euclidean, and its curvature 1s representable only as a
deviation from an ideal plane.
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It follows from all this that the cosmonauts performing
interplanetary flights must master completely in their concepts
the theory of relativity and must be thoroughly trained in
navigation in the far reaches of the universe. They must also
be quite confident not only in the correctness of the in-
strument indications (as pilots are) but also in the validity
of the mathematical calculations and, in general, in the val-
idity of the reflection of spatial and temporal relationships
of space objects by theoretical (abstract) thought.

COSMONAUT PREPARATION FOR ORIENTATION IN OUTER SPACE

The pilot need not be a cosmonaut,
but the cosmonaut must fly!

We have already touched on several problems associated
with preparation of man for orientation under space flight
conditions. Now it is advisable to dwell on certain questions

relating to this problem which we have not examined previously.

In the section devoted to psychic reactions under '
weightless conditions we found that not every individual is
capable of withstanding the action of even short-term weight-
lessness without the appearance of unusual psychic reactions. The
facts indicate that the vestibular apparatus analyzer undergoes ngﬂ
in space flight the largest specific changes in both intensity and
duration in comparison with the other organs and systems.

The realistic picture of long-range flights involves

longer stay of the cosmonauts in weightless conditions;
therefore, eventoday our agenda calls for more careful vestibular
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selection and preparation of the cosmonaut candidates in this

regard.

Considerable attention was at one time devoted to the
vestibular selection of pilots, as a result of which an effec-
tive technique for selection and training was developed.

The experience and knowledge accumulated by aviation
medicine were used in selection of the first cosmonauts. But even
Titov's flight in Vostok-2, lasting more than 25 hours, showed
that the existing methods forStudyingthe vestibular analyzer
function do not satisfy entirely the requirements imposed
on crew selection for the latest space flight vehicles. The
phenomena of vestibular-vegetative discomfort also showed up
in Tereshkova, Feoktistov, and Yegorov, all of whom had shown
quite high resistance of the vestibular analyzer to motion
sickness under earth-bound test conditions.

This is why the problem of developing methods which will
show up latent forms of motion sicknessjremains an urgent one
even today. We (Kolosov, Lebedev, Khlebnikov, Chekirda) have
attempted to find additional methods for vestibular selection
of the cosmonauts which will to some degree fill the existing
gap in this question.

Our first choice was parabolic flights, performed on jet
fighter airplanes, reproducing short-term weightlessness of dur-
ation up to U5-55 seconds in each "hump," for the following
reasons.

Under earth conditions the reaction of the otolithic
part of the vestibular apparatus is studied during rocking
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tests in four-bar Khllov.swings. During weightless flights

along a parabolic curve there is a difference, since in the

swings the gravitational inputs change in a smaller range

(+#0.4 g) during ascent and descent of the platform, while

during flight along the Kepler parabola the gravity input

varies in the range from 4-5 to 0 g, i.e., several times stronger.

During space flight the cosmonaut is subjected to noise,
vibration, positive linear and angular accelerations, the
Coriolis accelerations which arise when the trunk is tilted
and the head is turned, welghtlessness, and so on. In flight
along a parabolic curve the subject encounters the same factors
as in space flight, but in a very short time interval and less
markedly.

Welghtless parabolic flights are arranged so that the
welghtless "humps" follow one after the other. 1In this case
load factors of up to 5 g arise both prior to and after the
welghtless period.

The pulse rate, respiration rate, and other vegetative
reactions were recorded during the flight. After the flight
the subjects wrote their subjective sensations in their flight
report.

Prior to and after the weightless flight the subjects
were tested by rotating them in a Barany chair. In this test
the stability of the vestibular analyzer was studied with
respect to three basic components:

1) somatic (nystagmus duration)

2) vegetative (pulse rate, sweating, skin color)

3) sensory (subjective sensations, counter-rotation
illusion)..
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The investigation was made using subjects who had passed
~with good marks the occupational vestibular selection test

using the conventional technique.

Analysis of the data obtained during the weightless flights
showed that the primary changes in the sensory component were
observed at the time of positive load factor input and during
transition from positive load factors to welghtlessness.
the sensory reactions were somewhat less marked in the period
of stabilized weightlessness and at the moment of return to

positive load factors.

The subjective sensations observed in the perlod of pos-
itive load factor input were the usual ones and indicated
increase of the body weight. An entirely different pattern
was observed when the vestibular apparatus received stimuli
which differed from those which are usual for earth conditions.
In the period of transition to weightlessness 95% of the
subjects experienced illusions of climbing, falling down, flight
upside down, on the side, on the back, and so on, while a few
of the subjects experienced disruption of spatilal orientation
with changed perception of the surroundings.

It was characteristic that the largest number of cases
of unusual psychic states, accompanied by negatively colored
emotional background, occurred in the group of individuals
without flight experience (63.6%), while a somewhat lower number
occurred in pilots with relatively short assignment to filight
operations.

In parabolic flight the vegetative component of the
vestibular reaction also underwent unique changes, amounting
to the following.
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The pulse and resplration rates increased rapidly during
positive load factor input, and for individuals with poor tol-
erance for parabolic flight reached pulse rates of 130-140 '
beats per minute and respiration rates of 28-30 cycles per
minute. At the moment of transition from positive load factors
to weightlessness there was a slowing of the pulse and res- /126
piration rates on the background of unusual sensory reactions.
Naturally, for the individuals who tolerate the flight well,
normalization of the pulse and respiration took place rapidly.
However, for the individuals with poor tolerance for weightless-
ness the normalization was very slow, and frequently the pulse and
respiration remained at the end of the weightless regime at a
high level in comparison with the background values obtained
in the horizontal flight segment.

Our observations showed that the time for pulse and
respiration normalization in the stabilized weightless segment
is very important for prediction purposes. It was found that
for individuals with good tolerance to the conditions of
parabolic flight pulse and respiration, normalization occurs
by the end of ten seconds, while individuals with average tolerance
require 31-45 seconds. For prediction purposes it is also im-
portant to know how unstable the pulse and respiration rates
were in the weightless state. Marked instability of pulse
and respiration indicates a predisposition to motion sickness.
No less important in evaluating the vestibular reaction were
the discomfort sensations: general weakness, languor, sleep-
iness, headaches, increased salivation, nausea, paleness of the
facial skin, blueness of the lips, and general increased tendency
toward sweating.
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In our studies of a large number of 1ndividuals who had
previously passed the vestibular selection tests and training in
parabolic flights, vestibular vegetative reactions were noted
in one pilot and four subjects from the non-pilot group.

In evaluating the results of the rotational tests prior
to and after the flights it was found that in individuals with
good tolerance to the parabolic flight factors the counter-
rotation 1llusion and post-rotation nystagmus became shorter
by 3-5 seconds after the flights in comparison with the background
data. However, in those cases in which vegetative disorders
were observed in flight, indicating obvious or latent forms of
motion sickness, the counter-rotation illusion and post-rotation
nystagmus either did not change or increased by 2-5 seconds
in comparison with the basic background (5 individuals).

In the next stage of the study we made a 10-fold rotational

test 1in the Barany chair in the flying-laboratory alrplane,
both in level flight and under weightless conditions. The ro-
tation in the chair was made twice as fast (10 revolutions

in 10 seconds) as on the ground. In the first series of ex-
periments using this technique the rotation was accomplished
in the period of stable weightlessness, beginning five seconds
after the onset of its action. 1In the second series of exper-
iments with the same individuals the rotation was initiated in
the transition period from transition from a load factor of

2 g. The chair was rotated for 5 seconds under positive

load factor conditions and the next five seconds in the state
of "pure" weightlessness.
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The studles conducted with rotation under conditions of
stabilized weightlessness disclosed 18.2% of the subjects with
latent form of motion sickness. In these subJects we observed
2-5 seconds longer duration of the counter-rotation illusion
and the post-rotation nystagmus in comparison with the data
in horizontal flight, paleness or reddening of the facial skin,
moderate general perspiration, increased salivation, some de-
terioration of the general condition, and also illusions of
changed body posture with the eyes closed.

Vegetative-vestibular discomfort was not noted in the
other subjJects. For most of the subjects the duration of the
counter-rotation illusion and the post-rotation nystagmus was
shortened by 4-6 seconds, while for some this shortening did
not occur.

In the second series of experiments, with initiation of
the rotation in the period when positive load factors were
operating, an additional 21.9% of motion sickness symptom-
complex cases were found among the subjects who had shown high
tolerance for angular accelerations under conditions of stable
weightlessness. 1In these subjects the duration of the counter-
rotation illusion became longer in comparison with the duration
of the illusion when rotating under stable weightless conditions;
we observed definite paleness of the face, blueness of the lips,
marked general perspiration, nausea, increased salivation, and
feelings of discomfort in the stomach region. Termination of
the nystagmus could not be established because of the onset of the
positive load factors which followed the weightless regime.

Analysis of the data obtained during the flights showed
that for individuals who have good tolerance to parabolic flight
the counter-rotation illusion and post-rotational nystagmus
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shortened by U4-5 seconds in comparison with the values for
ground conditions. This confirms our assumption concerning
the predictive value of the modified Barany test prior to and
after weightless flights.

Using, this technique, we were able to predict that a
tendency toward motion sickness would develop under welghtless
conditions in several of the subjects who showed good tolerance
to weightless flights.

We believe that the appearance of the motion sickness
symptom-complex during rotation of the subjects under welghtless
conditions is due to the following factors. On the one hand,
under weightless conditions there are alterations of the
functioning of the otolithic part of the vestibular apparatus
as a result of the unusual position of the otoliths (floating
state), which leads to increased sensitivity to angular ac-
celerations when rotating the chair. On the other hand,
motion sickness may result from the appearance of Coriolils ac-
celerations as a result of chailr rotatlion during alirplane flight
along the parabolic curve.

In those cases when the rotational test was performed during /128
the period of transition from positive load factors to the
welghtless condition, there was additional stimulation of the
otoliths due to abrupt transition from a "plus" stimulus to a
"minus" stimulus.

The advantage of this vestibular test technique 1is that
on the background of the gravity field varying periodically
from 5 to 0 g and back all the angular motions lead to rapid
cumulation of the Corlolis accelerations and strong vegetative
reactions. This technique verifies most clearly the stability
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of the otolithic part of the vestibular apparatus to "minus"
stimulation.

The training sessions used to increase the stability of the
vestibular apparatus are subdivided into passive and active.
The former include rotation of the cosmonauts on various stands,
rocking in swings, and excitation of the vestibular apparatus
by electric pulses. Since the vestibular analyzer is connected
with the sight organs, inputs to the optical‘analyzer are made
during the training sessions in a special rotating drum on the
walls of which black and white stripes are painted. In this
training the cosmonaut must balance on a chair with unstable
support. The active training sessions are conducted during the
physical preparation periods, when the cosmonauts along with
strengthening the muscular, cardiovascular, respiratory and other
body systems also exercise the vestibular apparatus. Here
extensive use is made of rotating while on a treadmill and on
the Rhine wheel, trampoline jumping, acrobatics, diving, and
s0 on. During the period of immediate preparation for his
space flight Leonov traveled more than 100 km by bicycle, ran
more than 250 km, skiled the same distance, performed 103
vestibular apparatus training sessions using the passive methods
and 56 using the active methods. There were daily apparatus
sessions in the gym and other forms of physical preparation
(sports activities and so on).

During preparation for space flights considerable atten-
tion 1is devoted to "shaking up" the conventional system of an-
alyzers and increasing the flexibility of the central nervous
system. This adaptation, in addition to the methods listed
above, takes place during rotation in the centrifuge, weightless
flights, thermal exposure, and so on. "Flexibility" conditioning

191



of the neural processes is also provided by testing the neuro-
psychic stability of the cosmonauts under isolation chamber
conditions, during which the individual must develop new mech-
anisms for adapting to the changed situation in absolute silence.

All this increases the "flexibility" of the neural sys-
tem and creates the basis for rapid formation of new functional

systems when man enters unusual conditions of existence.

All the cosmonaut training techniques which we have listed 5[&32
briefly have now been quite thoroughly reported in the liter-
ature and summarized in the work of N. N. Gurovskiy. Therefore
we consider it advisable to dwell in more detail on the impor-
tance of cosmonaut flights in airplanes for training with re-
gard to control and orientation in outer space, since there
have been only a few individual reports on this aspect.

This form of preparation is mandatory for all the cos-
monauts, whether they are professional pilots or research
personnel. However, in contrast with the flight engineers and
scientists, the spacecraft commander must contrcl the air-

plane himself during flight for training purposes.

During preparation for flight the cosmonauts accu%tom them-
selves to the effects of accelerations in the centrifuge, to
welghtlessness during flights of flying-laboratory airplanes, and
so on. These inputs may be separated from one another by long
time intervals. In space flight, however, the 1lnputs listed above
act on the cosmonaut's organism both one after the other at short
intervals of time and also simultaneously. This is why the ques-
tion has arlisen of selecting that form of training session 1in
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which these factors will approach those conditions which the cos-

monaut encounters in actual space flight. Titov had the fol-
lowing answer to the question of what form of training session
i1s most important for preparing for flight: "Flights in modern
supersonic airplanes. They not only develop strength and re-
action, like sports and calisthentics, but also develop the
professional skills. Each flight is an integrated training
session."

Titov himself often fliesmodern airplane types. In
1967 he was classified as a senior military pilot and became
a test pilot. The following is the description of 0. Nazarov,
a correspondent of the journal, "Aviatsiya i Kosmonavtika," of his
sensations ‘during a flight 1n a two-place fighter piloted by Titov.

"The airplane surged forward with tremendous acceleration
and lifted off the strip with a sort of high-pitched roar.
A thump as the gear comes up and the body is forced heavily
into the seat, the sky rushes in from all sides. We are climb-
ing. Our heading is toward the aerobatic practice area.

"A vertical loop, chandelle, wing roll, another loop...
The clouds and sky spin around and I lose all feeling of up
and down. The load factor forces you into the seat, only to
be replaced by weightlessness. The face mask makes it quite
warm.

"Titov heads the fighter straight down and then sharply
upward. The load factors press on the hands and feet and then
on the whole body like an unseen, soft paw. The forces press
heavier and heavier; they envelop the entire body, the fingers
become wooden and heavy, the instruments are covered by a sort /130

of haze, vision becomes clouded because of the blood draining away.
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"The load factor is about six. This means that my body
weighs more than half a ton. Amazing!

"The load factor gradually eases off — Titov is transition-
ing the fighter smoothly into a new aerobatic maneuver. Now
he accelerates the airplane, and then flies along a parabolic
arc. An indescribable state of winged lightness takes over.
The muscles relax, the body would float if not restrained by
the belts. I could float in the air without any support.

"Unfortunately, weightlessness does not last long. How- -
ever, these few seconds are very important training for familiar-
ization with life away from the earth, where weight disappears.

"Through breaks in the clouds I see the earth, and looking
at 1t one immediately senses the speed of flight, the airplane
rate of climb, the colossal power of the engine of this amazing
machine,

"Our fighter streaks upward into the sky. The altimeter
needle completes a revolution. The airplane rolls over and hangs
for some time in this unusual attitude. It feels as if the en-
gine has just quit; the pilot has throttled back. A roll)around
the airplane's longitudinal axis, another roll, a chandelle,
and a steep dive. The alrplane transitions from one attitude
to another and we finally come back to the ground" (1968,
pp. 26027).

We see from thls report how positive load factors are
replaced by weightlessness. The aerocbatic maneuvers caused
the correspondent to lose his concepts of "up" and "down."

However, the cosmonaut in the role of airplane pilot does not
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simply condition his organism to load factors, weightlessness,
vestibular stimulations, and so on. These are not really the
main point. The main point is that he is conditioning him-
self to control the flight vehicle in space and in time.

The individual flying a jet airplane must have extreme com-
posure, self-control, will-power, and the ability to evaluate the
situation literally in a fraction of a second, make a decision,

and react instantaneously in accordance with this decision.

In order to get a better understanding of the importance
of airplane flights in the cosmonaut preparation system, and
specifically in space orientation, we shall analyze what there
is in common between flights in airplanes and spacecraft and
what the differences are.

In controlling the spacecraft and 1ts systems the cos-
monaut uses instrument indications. During the training
exercises on the spacecraft simulator the cosmonaut does not
become excited while performing these operations, since he
knows that there is no danger threatening him.

From the history of World War II we know that some
operators worked without error in quiet surroundings with
electronic instruments while performing several operations
simultaneously. However, under the threat of attack, when
emotional stress developed, they forgot to perform important
calculations, made errors in the calculations, and lost their

ability to calmly evaluate what was going on.

Gurevich and Matveyev present several cases in which
operators of large electric power stations lost their cap-
ability to perform sensible actions under emergency conditions.
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Thus, at one of the large hydroelectric stations the duty
operator hurriedly left the control statlon as soon as sig-

nals indicating a serious emergency began to flash on the control
panel. Half an hour passed, the emergency was resolved by the
efforts of other station personnel, and then the duty operator
returned. He explained his absence by the fact that he spent
this time in the toilet, which he could not leave for obvious

reasons.

At another hydroelectric station the duty operator, after
receiving a signal indicating the beginning of a major em-
ergency — falilure of power to the most vital city services —
plumped down in his chair and just sat there without moving,
not responding to telephone rings, paying no attention to what
was going on, giving no instructions. The emergency was clear-
ed up by intervention of other personnel.  The duty operator
left the control panel room in this same state of silence and
climbed down the station ladder, never to climb up that ladder
again.

These authors report that the workers mentioned here en-
joyed well-deserved reputations in their plants'and were con-
sidered well-qualified specialists who handled their duties
conscientiously. Their behavior during the emergency can
apparently be explained only by the influence of the emergency
situation, which caused an inadequate reaction, disorganized
their thinking and entire behavior.

In the next chapter we shall discuss in detail the dev-
elopment of emotional and volitional qualities in the cos-
monauts. Here we simply note that the control of an airplane
always takes place on a definite emotional background, since
there 1s always a real danger of catastrophe in the case of
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improper actions of the pilot, failures of the hardware, and
also in other unforeseen situations. An example of such

a situation is an episode from the flight experience of Titov'
which took place in 1967.

While flying at an altitude above 25 km in a fighter,
unexpectedly the engine shut down. There was a solid overcast
covering the ground from 1500 to 10,000 meters. The fighter
descended 16 km with the engine dead. Titov did not lose his
head. Making one attempt after another, he finally restarted
the engine and terminated the flight without any problem.

We have mentioned previously that automatic equipment
has falled in spacecraft during flight. Thus, during the land-
ing of Voskhod-2, in which one of the authors flew, it happened
that one of the commands for activation of the automatic
orientation system did not go through. The crew was instructed
to land the ship using the manual mode. Belyayev analyzed the
situation, oriented the ship, and activated the retro power-
plant precisely at the calculated time. 1In performing the
maneuver he performed calmly and confidently. His extensive
professional experience paid off. Being a fighter pilot, he

had operated under unexpected and emergency conditions many times.

An unexpected condition arose in docking the lunar mod-
ule with the command module during the Apollo-10 flight.

After two approaches to the moon, the astronauts fired
the engines to maneuver in orbit in order to ensure rendez-
vous and docking with the spacecraft. When the astronauts
separated the landing stage of the lunar module from the ascent
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stage, in which the cockpit was located, the ascent stage sud-
denly began to rotate at high speed around fthe longitudinal
axis. It even seemed to astronaut Cernan that they would

fall back on the moon. At this critical moment astronaut
Stafford took control and stabilized the ascent stage. The
reason for the rotation was incorrect positioning of a switch
in the automatic orientation system. The maneuvering of the
lunar module was completed with successful docking with the
command ship.

We have already mentioned that with the development of
space technology there is an increase in the number of instru-

ments appearing on the manned spacecraft Instrument paneis.

The cosmonaut can develop during airplane flights skills
in rapid and precise reading of the instrument indications and
evaluating on the basis of these readings the status and oper-
ation of the systems and also the attitude of the flight ve-
hicle in space. These flights are also a good school for ac-
quiring skills in overcoming the spatial illusions which arise
in orienting the space vehicle solely by instrument indications.

Airplane flights also aid in the development of such
psychological qualities as attentiveness and vigilanceL which are
necessary for the cosmonaut throughout the flight and parti-
cularly during landing on the earth, moon, and other planets;
ability to react adequately to situational changes under
conditions of limited time or even time deficit, and so on.

Airplane flights are of assistance 1n all-round prepara-
tion of the cosmonauts for situations in which they are sub-
Jected to both physical and psychological factors. During flight
the pilot must control the flight vehicle actively, know the /133
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theory and hardware, and act quickly but at the same time judi-
ciously.

There are, naturally, significant differences in the
control of an airplane and a spacecraft. For example, air-
plane control is based on aerodynamic laws while spacecraft
control is based on inertial laws. However, the phenomenon
of skill generalization and transfer is well-known from work
psychology. By virtue of this the tractor driver acquires
fank driving skills faster than, say, a teacher; the chauffeur
who drives several cars rapidly masters one with which he is
not familiar; the test pilot who is familiar with wvarious
types of airplanes handles a new model comparatively easily;
and the individual who knows several languages masters still
another without much difficulty.

As a result of the possibility of skill transfer, the cos-
monauts utilize in controlling the spacecraft many of the skills
which they acquire during airplane flights. This is why air-
plane flights are the quintessence of cosmonaut preparation.
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CHAPTER 3

PERCEPTION OF TIME IN OUTER SPACE
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In performing the tasks assigned him, carrying out extremely
varied work operations, and so on, the cosmonaut must plan his
actions precisely in time. This is particularly important in
Spacecraft control, since here both 1slow1y\varying processes |and

control operations with a rigid time 1limit or even. time deficit

are encountered (the emergency situation case and so on). We
shall clarify these remarks by some examples. Thus, in orienting
the spacecraft on some celestial body the cosmonaut acts through
the control stick to send an impulse to one of the reaction
engines. After this the spacecraft begins to rotate about its
center of mass in pitch or with respect to the other axes. Prior
to completion of the rotation through the required angle, the
cosmonaut switches off the operating engine and actlvates another
engine to give an impulse for rotation in the opposite direction.
In spite of this the vehicle continues its initial rotation by
inertia. Only after some time does the vehlcle come to a stop.
In order that the stop take place at a glven point the cosmonaut
must determine precisely the moment for activating the second
engine (and subsequent shutdown). Otherwise the attitude change
will require excessive time and will be accomplished by means of
numerous trials and errors and with considerable expenditure of
propellant. 1In the case cited the time is not rigidly 1imitedh
howeveﬁ,evenlnore complex situations may be encountered in space
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flight. Thus, in accomplishing a lunar landing using the manual
system the American astronauts were forced to expend no more than
75 seconds on this operation. During this time it was necessary

to select the landing area, orient the lunar module vertically
(descent stage along the direction to the lunar surface), gradually
reduce the rocket engine thrust, and shut the engine down just
above the lunar surface itself. "

Precise time perception can be developed (and this is con- /135
stantly done) under conventional terrestrial conditions. How-
ever, inlspace flight the human organism is subjected to weight-
lessness, "sensory deprivation," large load factors, and so on.
High emotional stress results from the unusual and extreme
influences on the cosmonauts. All this in one way or another
prevents (or may prevent) adequate reflection of both space and
time relations. This then leads to the problem of studying the
effect of various space flight factors on the perception of time,
and also the problem of finding the ways, techniques, and means
which are necessary to ensure proper perception of time by man

under the conditions of space flight.

PSYCHOPHYSIOLOGICAL MECHANISMS OF TIME PERCEPTION

Life without regard for time is
just as great an absurdity as
life without regard for space.

F. Engels

In his book Materialism and Empiriocriticism, Lenin presents
the views of the English Machist Pearson, who stated: "Like
space, time is one of the plans) by which this

magnificent sorting machine, human cognition, arranges 1its
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material."(l) According to the viewpoint of Pearson, time is not
infinite, is not infinitely divisible, but is essentially limited
by the content of our representations.

In criticizing these concepts of the idealist philosophers,
Lenin cites Engels and indicates that man's concepts of space
and time are relative, "but from these relative concepts there
1s formed absolute truth, these relative ldeas as they develop

travel along the line of absolute truth and approach the 1atter.“(2)

According to the modern concepts, man has no separate
temporal analyzer. Sechenov was the first to point out that the
perception of time, just as the perception of space, 1s accom-
plished by several "sensitive instruments." At the present time
the concept that man (in contrast with the animals) has two
different but mutually complementary systems for the perception
of time 1s widely held in psychology and physiology of the higher
nervous activity. One of these sensing systems is based on the
first signal system while the other, more complex and advanced
form of time reflection is accomplished by the second signal
system. Let us examine the inter-relationship of these two sys-
tems in human reflection of time.

In 1912 Yu. P. Feokritov, working in Pavlov's laboratory,
found that if a dog is fed every 30 minutes he develops condi-
tioned reflex salivation at these time intervals. In the experi-

ments of F. L. Ruch rats developed the capability of reacting
sufficiently slowly to avoid walking through a grid through which
an electric current was passed for some time and sufficlently

(l)Lenin, V. I. Complete Collected Works, Vol. 18, p. 190.

(2)pentn, V. I. Complete Collected Works, Vol. 18, p. 181.
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quickly so as not to remain outside a door which closes after
some time interval.

In analyzing the physiological mechanism of the conditioned
reflex to time, Pavlov wrote: "How are we to understand physio-
logically time as a conditioned stimulus? Naturally a precise
and definite answer to this question cannot yet be given. But
we can approach a certain understanding of this problem. How
do we note time in general? We do this with the aid of various
cyclic phenomena: rising and setting of the Sun, movement of
hﬁnds;overmhe clock face, and so on. But there are also several
of these cyclic phenomena in our bodies. During the day the brain
is stimulated, tires, and then recovers. The alimentary canal
is perlodically occupied by food and 1is then cleared of food, and
so on. And since every state of the organ can be reflected on
the large hemispheres, this is also a basis on which to differ-
entiate one moment of time from another. Take short time inter-
vals. When a stimulus has just been applied, it is sensed very
sharply. When we enter a room with an odor, we initially sense
it very strongly and then less and less. Under the influence of
stimulation the state of the nerve cell experiences several
changes. And the same occurs in the reverse direction. When
the stimulus terminates; it is initially still sensed very strongly,
then more and more faintly, and finally we do not notice it at all.
This means that, once again, there is a series of different
states of the nervous system. From this viewpoint we can under-
stand both the case of reflexes to interruption stimulus and
trace reflexes, and also the case of time reflex. In the cited
experiment the animal was periodically fed and in this connection
several organs showed definite activity, i.e., they experienced
a series of definite sequential changes. All this affected the
large hemispheres; was processed by them and the time of these
changes was made definite by the conditioned stimulus" (1951-1952,
p. 57).
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Thus, cyclic phenomena in the different organs of an animal
can serve essentially as blological clocks, which permit the
animal to "measure off" particular time intervals. This is also
confirmed by the fact that the isolated organs and tissues actually
do retailn under certain conditions an autonomous activity rhythm /137
(for example, an extracted heart continues rhythmic contraction
with a definite frequency, and so on, which will be discussed in

greater detail later on).

In man the evaluation of time can also take place at other
levels, by conscious use of definite reference pointsj; however,
we should not underestimate on this basls the cyclic phenomena in
our organism for the perception of time.

In the course of his study of the time concept formulation
process, Sechenov came to the conclusion that lany of the sense
organs 1is capable of perceiving time intervals. In other words,
time concepts can arise on the basis of auditory, visual, tactile,
and other sensations. Sechenov gave particularly great importance
in this aspect to the musculo-articular sensations. Among the
acts ylelding muscular sensations Sechenov noted particularly
walking. He believed that "in the various sense aspects of the
walking act, this most common of phenomena, there are included
for man elements not only for constructing numbers in all their
definiteness but also for measuring lengths and short time
segments" (1952, p. 188). The step serves as the basic unit of
periodic motion performed during walking. The step is used as
both a space measure and a time measure. Since the step is
sounded out it 1s sensed not only by the muscles, but also by the
ear. This gives rise to simultanelty, the association of two
sensations, each of which reinforces the other and yields a clear
perception of the time interval. More than that, according to
Sechenov, hearing together with muscle sensations is prepared to
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the greatest degree for analysils of rate and rhythm, since the
very arrangement of the hearing apparatus and its inherent func-
tions make it more adapted to differentiation between preceding
and succeeding events. S. G. Gellershetyn shows that numerous
facts relating to the perception of speech and music with char-
acteristic tempo peculiarities — pauses, lines, and so on,
confirm this idea.

Of particular interest is the role of the walking act in
the perception of short pauses. Sechenov considered that the
capability of sensing their duration "cannot be learned exclu-
sivély in the school of hearing." During the time of a pause the
hearing apparatus is inactive. Therefore, he connected the capa-
bility of estimating short time periods with the basic periodic
movements of the body, primarily in the act of walking. Accord-
ing to Sechenov, walking at different rates appears to the con-
sciousness as a periodic series of short sounds, the pauses be-
tween which are filled by muscular sensation. He called walking
a "school", in which the ear could learn to estimate the differ-
ent duration of the interval in the case of speed-up or slow-
down of the steps.

In general, the act of walking consists of both "periodic
measuring off of steps" in space and a "sound series with con-
stant duration of empty intervals." The muscular sense accompany-
ing the step becomes a "measure or fractional analyzer of space
and time". However, while perception of the latter by means of
kinesthetic (muscular-articular) sensitivity is least differ-
entiated, in the other analyzers such differentiation 1s present
in adequate measure.

For example, the visual receptor is the best organ for
spatial perception. At the same time it plays a definite role
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in the perception of time, since the operation of the eye also
involves movements (accommodation and convergence). Sechenov
likened the visual axes of the eyes as they track something to
two long feelers, which are capable of either extension or con-
traction as a function of whether or not the observed object
moving in space 1s receding or approaching. These feelers es- !
sentially reproduce the entire path of the object and the rate

of its movement. This 1is why the muscular sensations which arise

during operation of the visual receptors make it possible to

evaluate not only the spatlal but also the temporal character-

istics of the object. This has been specifically demonstrated’

in special studles of El'kin and his students. It is true that

time is sensed by the visual analyzer much poorer than is space.

"This is seen from the fact," writes El'kin, "that the error

in space perception in the visual sensing process is considerably

smaller than the error in duration estimation" (1962, p. 126).

The situation is different with the hearing organ. It
serves (in addition to sensing sound) for the perception pri-
marily of time intervals, although as mentioned above it may also
facilitate the perception of space relationships. We see from
El'kin's work that the perception of the temporal characteristics
of sound stimuli — duration, frequency, rhythm — involves a
unique motor accompaniment, in which the trunk, head, extremities
(particularly the upper), and the vocal apparatus participate.
This motor accompaniment, tuning itself in unison with the
stimulus as a feedback, simulates the latter to a definite
degree and thus ensures adequacy of the reflecting ability.

The correlated motor activity in the time perception process is
the equivalent of the "feelers" discussed by Sechenov in appli-
cation to the perception of space with the aid of the sight
organs. It is no acecident that the perception of rhythm loses
much of its precision when there is damage to the motor sphere.

206




The tactile and interoceptive analyzers also participate
in the perception of time. However, as A. R. Luriya emphasizes,
in general this perception is accomplished with the ald of
several analyzers which combine into a sort of system which acts
as an integrated whole. Different dynamic "composition" of the
higher nervous activity corresponds to different nature of the
temporal sensations.

From experiments conducted in Pavlov's laboratory, it 1is
known that animals can orient themselves 1n time to within a
second. But this cannot be compared in any way with the orienta-
tion of man, who is capable of abstract thinking accomplished on
the basis of the second signal system. Sechenov wrote that we
sense the duration of short-lived phenomena because we differen-
tiate their beginning, middle, and end. But there is no man in
the world who can differentiate directly by his senses the
degree of duration of phenomena beyond the limits of seconds;
yet we think notonly in minutes but even in years and centuries
— and, naturally, again in terms foreign to our senses (1952,

p. 403). Sechenov's idea is in agreement with that of Lenin,

who wrote the following in a review of Hegel's "Science of
Logic": "Is representation closer to reality than thought? Yes
and no. Representation cannot embrace motion as a whole, for
example, it cannot embrace a motion with a speed of 300,000
km/sec, while thought can and must embrace such speeds. Thought,
taken from representation, also reflects reality; time is a form

of existence of objective reality."(S) It is interesting to ob-
serve how children who are just beginning to speak begin to

adapt to the perception of time. While prior to the development
of speech only limited rhythmicity (feeding at established hours,

(3)y. I. Lenin, Complete Collected Works, Vol. 29, p. 209.
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sleeping, and so on) and the conditioned reflexes which are
formed on the basis of this :rhythmicity make possible some
preparation of the organism for what is coming, when speech is
mastered these capabilities begin to broaden. Let us take a
simple example from the observations of Decroli and Degan, when
a two-year-old child says (in his own way): "I drank my milk,
I'm going outside.” 1In this phrase he expresses the sequence
which he has experienced and places himself at a known position
in relation to this sequence. On the basis of the present
situation he both recalls the past and pictures the future
moments of this sequence. At first glance there is nothing new
here: the child translates into his speech pattern what he al-
ready knows how to do. "However, in reality," writes P. Fress,
"in this translation there is a complete revolution; mastering
the law of succession. Before the child there opens up a tem-
poral perspective with past and future polarity. As his speech
develops, the capabilities for reconstructing the past and fore-
seeing the future expand. The adequate use by the childéof
terms denoting periods of time more and more remote from the
present is an indication of this broadening of his temporal per-

spective: he begins to differentiate morning from evening, yes-

terday from today, the day from the week, month, year, and so on.

At about the age of seven or eight the child learns to tell
time. However, at this age he does not yet perceive time as
something independent of human activities. Sometimes he thinks
he can alter time by shifting the hands of the clock. Only in
the early teens, when he becomes capable of abstract representa-
tion, does he come to the conclusion that time is independent
of such operations. In this period the child includes himself
in the history of his family, country, and finally, all mankind.
His plans begin to extend to distant perspectives which have not
yet been encountered in his own experience. For example, he
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can now dream about his future profession or the achievement
of other distant goals.

Human abstract thinking appeared as a result of the initia-
tion and growth of social production, joint transformational
activity of people in relation to nature. In the same way, the
perception of time by man, just as all his psychic activity,
takes shape and is formed under the conditions of work activity,
social and productive practice as a whole. S. L. Rubinshteyn
indicates that it would not be correct to think that people
simply expose themselves in their activities, remaining after
these activities the same as they were previously. To the de-
gree that man, realizing himself objectively, personifies him-
self in the products of his labor, he himself changes and de-
velops. And El'kin writes quite correctly: "If we trace the
development of man's orientation in time in the course of the
social and historical process, it becomes obvious that this
orientation has been shaped and formed inseparably with work
activity. Essentially, the entire path of the historical
development of man's orientation in time is the long path of
development of man's work activity, his practical work" (1962,
p. 212).

We can establish some unique characteristics of man's
orientation in time as a function of various historical condi-
tions and levels in the progress of society. Thus, Lebbon wrote
that primitive man lived primarily in the present; for him the
past was short and unclear. This is explained by the very low
‘level of development of productive forces at that time. The
working process, very primitive in its nature, was limited in
privitive man to narrow temporal limits; as a rule the working
process all took place in the present, not requiring the advance-
ment of goals into the future, not continuing what has been
started in the past. As a result of the rudimentary level of
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working activity its stages were in general weakly differentiated.
This led to completely inadequate differentiation of the past,
'present, and future.

With the progress in productive forces, man faced the prac-
tical necessity of evaluating the duration of considerable inter-'[lﬂl
vals of time, of studylng events of the distant past, of predicting
the future (flooding of rivers, favorable times for initiation
of sowing, and so on). Various auxiliary techniques and means
began to be created to perform problems of this sort. For
example, the so-called time reference points were introduced.

On the other hand, even Aristotle knew that "measurement of time
is achieved by measurement of motions and motion is determined
by time." The time measurement instruments capable today of
precision to millionths of a second or less have traveled a
very long historical path. But even today various motions which
have the same duration and periodicity serve mankind as a
measure of time.

Time perception, being associated with definite psycho-
physiological mechanisms and their systems, can be disrupted,
particularly in the case of damage to the brain centers. We

shall present some characteristic examples.

Patient S is 32 years old and damage to the thalamus has
been diagnosed, evidenced in the form of thalamic symptoms.
The patient's perception of time is seen to be disrupted: she
estimates short time intervals incorrectly. The doctor asks S
to tell when one minute has passed from a starting time he
announces. After 5 - 7 seconds the patient says a minute has
passed. She also takes an interval of 5 - 10 seconds marked off
for her to be a minute. During the first weeks the patient was
disoriented. in the present, could not name the current year, month,
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or date, could not define the duration of her stay in the hospital,

and took morning to be evening.

In other cases individuals are not capable of planning
their actions in time when there is damage to the frontal lobes
of the brain hemispheric cortex.‘ As an illustration, we present
an observation of Penfield.

After resection of part of the right frontal lobe in connec-
tion with a brain tumor, the patient did not show any major dis-
ruptions of behavior or intellect. Disturbance of her time
orientation was discovered quite by accident. She decided to
arrange a dinner to celebrate her recovery and invited guests.
She was busy with the preparations from early morning; however,
when the guests gathered it was found that nothing was ready.

The patient was not capable of planning her actions in time.

In all probability this disturption is associated with
damage to the frontal lobes of the brain hemispheric cortex. As
is well known, in man the frontal lobes are intimately connected
with the intellect and capability for planning one's actions.

Thus, clinical data also indicate that systematic activity
of the different brain segments rather than the functioning of
some special "center" forms the basis of time perception. Since
this systematic activity has been formulated as a result of the
long evolutional and historical development of man under terres-
trial conditions, a question arises, which was posed in the pre-
ceding chapter and discussed in relation to the perception of
Space: can man reflect time adequately under the unusual condi-

tions of outer space? We shall turn to an examination of this
question.

2IT
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;INFLUENCE OF EMOTIONS ON REFLECTION
OF TIME RELATIONSHIPS

Of all things we have the
least of time and need the
most of 1it. ‘

G. Buffon

During their flights, the cosmonauts experience various
emotional states. These include the natural desire to explore
the unknown, the sense of duty and responsibility for completing
the mission, excitement, and fear. These experiences have a
dynamic nature, now following after one another in sequence, now

appearing simultaneously in contradictory form.

In January of 1968 a successful manual docking of the
Soyuz-4 and Soyuz-5 spacecraft was accomplished under the pilot-
ing of Shatalov and Volynov, and the other two cosmonauts,
Yeliseyev and Khrunov, transferred from one ship to the other.

This maneuver 1is to some degree like aerial refueling of
an airplane. The refueling operation requires tremendous atten-
tion on the part of the pilot, a high degree of precision, and
exceptional motor coordination. The studies of F. P. Kosmolin-
skiy and coauthors showed that in such situations the pilots
are under great emotional stress, accompanied by marked physio-
logical shifts. The heart beat reaches extreme limits (up to
160 - 186 per minute), exceeding the norm by 2 - 3 times. The
breathing rate increases correspondingly to 40 - 54 per minute
(2.5 - 3 times the usual value). The moisture losses lncrease
sharply, reaching 5 - 7% of the pilot's weight. The body tem-
perature increases by 0.7 - 1.2°. Large biochemical changes in
the blood composition are noted.
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After making a psychophysiological analysis of these phe-
nomena, Gorbov, Kosmolinskiy, and Myasnikov came to the conclu-
sion that this marked nervous and emotional stress of the pilot
of a refueling airplane depends on several factors. One import-
ant factor is the stress which develops in the pilot as a result
of narrowing of his spatial field: because of the closeness of
the tanker airplane, the unlimited reaches of the ailr ocean sud-
denly become amazingly "tight". Moreover, the airplane coupling
operation causes definite psychological difficulty involved with
the combination of two forms of activity: the usual piloting of
the airplane on the basis of the previously ingrained, firmly
developed, automatized skills, and the nécessity for performing
the additional, relatively new, and less familiar to the pilot
refueling task. "The considerable dominance of the psychic
emphasis on the performance of this new, and therefore not in-
grained into a stereotype, activity 1s the dominant factor which
essentially suppresses the ingrained piloting habits and thereby
leads to a difficult neuropsychic state" (1966, p. 69).

Tremendous emotional load is imposed on the cosmonaut in
emergency situations, for example when because of failure of the
automatic system he must land the spacecraft using the manual
mode. Only a very slight error in orientation and the space-
craft will shift into another orbit, from which it cannot be
returned to earth. Even in the case of proper but somewhat
delayed orientation it is not impossible that the spacecraft
may touch down in unfavorable regions (mountains, taiga, ocean,
-desert).

Man's subjective perception of time may change in emergency
conditions under the influence of emotions. The following epi-
sode is from the book "Tested in the Sky", by M. L. Gallay,
honored test pilot of the USSR. "During a test of the Lavochkin-5
airplane the engine began to 'race'.
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"Worse yet, a long tongue of flame burst out from under the
cowling and licked voraciously around the cockpit canopy. Acrid
blue smoke poured into the cockpit from below, from under the
rudder pedals.

"One thing on top of another — fire in the air. One of
the worst things that can happen aboard a small island made of
wood and metal, dangling somewhere between sky and earth, and
carrying in 1ts tanks hundreds of liters of gasoline.

"The typical full-fledged aerial 'circus" developed. As
always in critical situations, I gave a start and began to act
in accordance with some strange 'double' time scale. Each
second took on the capability of expanding without 1limit — as
much as was needed; man can do so very many things in such situ-
ations. It seems as if the passage of time has nearly stopped.
But not really, here is one effect of the 'double' scale: in
such situations man does not sense any unfilled gaps or lelsurely
pauses. Rather, time itself urges man on! Time not only does
not stop, it runs faster than usual. If only man could always
make use of time skillfully, without having either too much or
too little of it.

"Nearly automatic movements — they required much less time /14l
than it takes to tell what happened; I throttled back, turned
off the ignition, closed the fuel line fire shutoff valve, moved

the governor lever to minimum rpm, and made a steep turn toward
the field."

We shall clte another case from flight experience which

involved a change of time perception in an emergency situation,
described by B. S. Alyakrinskiy.




During cruising flight the airplane caught fire. There
were two other crew members in addition to the pilot. The
pilot ejected while the other crew members were killed, although
they also had ejection seats. 1In studying the accident, it was
found that the pilot (commander of the ship) gave a signal to
bail out prior to his ejection; however,according to his state-
ment, he did not receive any answer although he waited several
minutes. Actually, however, the time interval between the
moment of the command and the moment of ejection was only a few
seconds. The remaining crew members were not able to prepare
for ejection during this time interval, since preparation re-
quired the performance of several operations in this particular
airplane. The overestimation of the long time interval in this
case is quite obvious. Fractions of a second were perceived
subjectively as minutes, and this led to the death of the other
two crew members.

Since the cosmonaut must evaluate time intervals precisely
and operate the spacecraft controls in accordance with this
evaluation, we need to examine in more detail the psychophysio-
logical nature of the subjective perception of time passage in
connection with different emotional states.

Precise experimental studies have now established that an
individual experiencing positive emotions underestimates time
intervals, i.e., for this individual the subjective passage of
time is quickened; however, in the case of negative emotional
experiences the time intervals are overestimated, i.e., a sub-

Jective slowing of passage time is observed.
In this regard, the experiments conducted by M. F. Ponomarev

are of interest. He made a study of the range at which aerial
firing against ground targets was initiated by the students of



one of the aviation schools. He found that L4U4% of the students
initiated firing prematurely. Ponomarev believes that premature
opening of fire is associated with excessive "over-insurance",
with the fear of "not succeeding" in performing the mission
(particularly during the first flights when firing against a
rapidly moving target).

The physiological basis for this psychic process is domina- /145
tion of the inhibitory process in the brain hemisphere cortex
over the excitatory process. Ponomarev confirmed this conclu-
sion by special studies. The subjects were to stop the sweep
hand of a stopwatch on a definite division (reaction to a moving
object or abbreviated as RMO). After practice sessions, the
subjects in one series of experiments were given a bromide by
the tester to intensify the inhibitory process, while in another
series of tests they were given caffein to intensify the excita-
tory process. It was found that in the first case premature
reactions to the moving target were dominant for the subjects,
while in the second case lagging reactions dominated. Thus,
prematurity, i.e., overestimation of time segments, in the case
of an emotional stress accompanied by a feeling of fear or
fright, has as its cause disruption of nerve process balance in
favor of inhibition. This thesis corresponds to the view of
Pavlov, who wrote: "What is termed psychologically fear,
cowardice, timidity has as its physiological substrate an in-
hibitory state of the large hemispheres and represents different
degrees of the passive-defense reflex" (1951 - 1952, Vol. 4,

p. U432).

Clinical observations of patients with manic-depressive
psychosls indicate the same thing. Time seems to pass extremely
fast for such patients while in the manic state, when the exci-
tatory process dominates. "I hardly get up before I agaln lie

216




down," complained one female patient. "As soon as I sit down

at the table I think that this is the end of the meal and I

must get up. I am sometimes amazed to find that I have eaten

in two or three minutes. I often refuse to believe it when they
tell me that several hours have passed. How is 1t possible that
time can pass so fast? Why is this so0? Why does it not pass the
way it appears to me?" The reverse picture is observed in the
depressive state, when the Inhibitory processes dominate. One
patient had the following to say after a depression period which
had lasted about three months: "It was as if everything were
dead. The whole world had died. Very depressing. People moved
extremely slowly. Everything floats away somewhere. Time has
stopped. Time has passed and frozen. I have died or never will
die. I know that the hand is moving on my watch, but this is

only an illusion of motion... You are coming to me from out
of another time."

Ponomarev emphasizes that the fact that excitation causes
delayed actions and inhibition causes premature reactions is
paradoxical and contradicts common sense. However, this situa-
tion can be understood if we consider the nature of the basic
nerve processes. In contrast with excitation, inhibition always
shows up in shortening, limiting, reduction of activity. More-
over, from the psychological viewpoint it is possible that a
definite (excited or inhibited) state of the brain cortex leads /146

to a corresponding perception of reality and the latter, in turn,
leads to a tendency toward either delayed or premature reaction.

Thus, the connection between premature reaction and inhi-
bition, caused by the most varied agents, including negative
emotions, and between delaying reaction and excitation (also caused by
various factors) is accomplished through subjective slowdown

or speedup of the passage of time in the consciousness. If some
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time interval seems, say, shorter than it actually is, then in
the reproduction of this interval in the consclousness a longer
time interval is actually created. Such a relationship between
time perception (and therefore time reproduction) and subsequent
actions is clearly observed in the case of parachuting with
delayed chute opening.

Parachutists are first trained in reproducing 5 and 10
second and so on intervals under ordinary conditions on the
ground. To facilitate the performance of this task, the para-
chutists usually count the time interval mentally. Then they
reproduce this count during the free fall and open the parachute

accordingly.

From the psychological viewpoint three stages can be
identified in the delayed-jump free-fall process: the reference
point, coinciding with the moment of separation from the flight
vehicle; the count itself, which coincides with the free-fall;
and the count endpoint, corresponding with pulling the parachute
ring. These two points represent moments of time which are
fixed by the individual. As for the count itself, it is simply
a reproduction of a given time interval. Here certain diffi-
culties arise for the beginning parachutists because of their
negative emotions. The recollections of a parachuting veteran
P. P. Polosukhin describe these difficulties well: "A friend
of mine who had made more than a hundred jumps from airplanes
and balloons was for some reason afraid to 'delay'. Several
times he tried to delay opening the chute for at least 10
seconds, but he always pulled the ring the instant he started
falling. JSeveral times he decided to take himself in hand and
began to train carefully to develop uniform counting of seconds
on the ground. He walked around all day long muttering to
himself: 'One....two....three....four.' But in the air
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everything went as before. When he jumped from the balloon
I was still in the gondola and heard a sort of unintelligible
exclamation, indicating the count, and immediately saw the
chute open" (1958, p. 142).

Numerous observations made in the course of preparation of
- sport parachutists and airborne troops permit us to conclude
that during parachute jumps not only are the skillsin separating
from the airplane, parachuting itself, and landing developed,
but it is also very important that such qualities of the will

as purposefulness, coolness, self-control, decisiveness, and
bravery are developed as well.

This 1s why, in addition to developing professional skills,
the parachute training of the cosmonauts was directed basically
toward the development of the will qualities and reproduction of
time intervals in this highly emotional situation.

During the ground training period the cosmonauts developed
skill in reproducing 10-, 15-, 20-, 30-, and 50-second intervals.
The reproduction skill was considered developed if the error
did not exceed + 0.5 seconds.

In the course of the parachute training, constant psycholo-
gical observation of the cosmonauts was maintained (speech,
gestures, facial expression, motor skill development). Movies
were taken to record the emotional states. The cosmonauts were
given a thorough medical examination one to two hours before
Jumping, with electrocardiogram recordings and various tests
being made. Similar tests were made after the parachute jumps.

The cosmonaut's pulse rate was determined, and wrist dyna-

mometry recordings were made prior to boarding the airplane,
while in the airplane, and after landing.
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According to the observations of Aleksandrov, Lebedinskiy,
and others, and also our own observations, in many individuals
who are jumping for the first time the very prospect of the
Jjump causes change of their normal state and mood. Inadequate
confidence in reliable operation of the chute and the absence
of safeguards make a definite imprint on the emotional state of
the individual. On the evening before the day when the Jjump
is planned many individuals are restless, doubtful and fearful,
and their sleep becomes uneasy. At this moment we can observe
increase of the arterial blood pressure, quickening of the pulse
and respiration, sometimes increased perspiration and other
vegetative reactions.

All the observers noted increase of the pulse rate in the
first-time jumpers, in some cases to 120 - 140 or more per
minute when boarding the airplane and during the flight; marked
paleness, dryness of the mouth, widening pupils were also ob-
served. Their behavior also changed. Some became torpid,
had the shakes, or became withdrawn and restrained. In certain
cases the tension was so strongly marked that it was reminiscent
of the stuporous state with phenomena of psychic depression and
indifference to the surroundings. The described state is a
manifestation of the asthenic fear reaction, taking place
through the mechanism of the passive-defense reflex. Some ten-
sion was observed among the cosmonauts prior to thelr first
Jumps. Along with this there was difficulty in developing skill
in controlling the body during the free fall. The tension began
to disappear beginning with the seventh jump. In the subsequent
Jumps they controlled themselves quite well and completed the
training successfully. In other first-time jumpers we noted
motor excitation, talkativeness, wandering of the attention,
and difficulty in concentrating. For example, excessive liveli-
ness and paleness of the facial skin was noted prior to the
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first jumps of V. F. Bykovskliy. He mastered the free fall
skills by the ninth jump, after which he had good control of
himself prior to boarding the airplane.

Judging by my own experience and the statement of most
parachutists, the moment of separation from the airplane during
the first jump is the most difficult and most memorable experi-
ence. The tension reaches its highest level when the commands
"ready" and "out" are given. It is at this moment of separation
from the airplane that active willpower is necessary to overcome
the emotion of fear. In certain cases inability to develop this
willpower leads to refusal to jump at the very last moment.

After separation from the airplane the jumper is subjected
for several seconds prior to chute opening to a series of brief
but marked and unusual inputs (state of reduced weight, air-
stream, change of barometric pressure, and so on), which cause
several new sensations. Several authors (Arskiy, Gordon,
Gorovoy-Shaltan, and others) have found that disruptions in the
mental state are characteristic at this moment for individuals
Jumping for the first time, and they are not able to recognize
and then reproduce in their memory the details and sensations

which they experience in the first few seconds of free fall.

We have also noted these disruptions of the mental state

in the cosmonauts. Bykovskiy characterized this state as fol-

lows: "I do not recall how I pushed away from the airplane.
I only began to think when I pulled the cord and the canopy
'burst' above my head." One of the present authors (Lebedev)

experienced a similar condition when he made his first
parachute jump.
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Gorbov was able to clarify the nature of the mental state

disruption in such situations and reproduce them experimentally.
-Most parachutists do not lose awareness in the period of sepa-
ration from the airplane and in the first seconds of the free
fall. This is shown by their continued activity, particularly
opening of the chute by pulling the ring. The "blackout" condi-
tion 1is assoclated with strong emotional tension of the jumper.
This shows up not in interruption of activity but in interrup-
tion of recall of actions which he has Jjust completed. Accord-
ing to the data of Gorbov, "this makes it possible to relate
this form of paroxysm not to the category of disruptions of
awareness, but rather to the category of disruptions of the /14
short-term operative memory, i.e., the memory which organizes
itself in the course of and in connection with continuous acti-
vity" (1963, pp. 15 - 16).

After the parachute opens, most Jjumpers feel a joyful 1lift
of their mood, often transitioning into euphoria. Usually,
very little attention is devoted to the elements of the landing
at this moment. After landing, the individuals who are jumping
for the first time often have no critical impression of what
has happened. Most report: "It wasn't frightening at all, I
was not afraid at all," and so on. Many express a desire to
repeat the jump immedlately. More precise data on the experi-
ences during the time of the jump can be obtained the next day,
when the euphoria ends and a critical approach to the completed
Jump becomes possible.

Thus, in the process of a parachute jump being made for
the first time, we observe manifestations of strong tension
and transition of the emotional states from sensations of fright
and fear at the moment of leaving the airplane to the 1ift in
spirits after the parachute opens and 'also after touchdown occurs.
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One of the objective indices of emotional stress is increased

muscular activity. Many cases are known in which an individual

in a state of anger or great fear demonstrated strength which

- was very unusual for him (tremendous speed in running, fantastic

Jumping ability, and so on). Pavlov discovered the reason be-
hind this intimate connection between the emotions and muscular
movements and reported that: "If we go back to our distant
ancestors we see that in their time everything was based on
muscles.... You cannot imagine any wild beast lying in ambush
and becoming angry without all sorts of muscular manifestations
of his anger. Our ancestors really did not differ much from the
wild beasts, and in the same way all of their feelings were
transformed into muscular activity. PFor example, when the lion
becomes angry this pours out of him in the form of scuffling,
the frightened rabbit immediately starts a different type of
activity — running — and so on. And in our zoological ances-
tors everything showed up in the form directly as some sort of
activity of the skeletal musculature: in fear they ran from
danger, in anger they threw themselves on their enemy, they pro-
tected the life of their child, and so on" (1952, Vol., 5,

p. 332).

In the process of historical development man has learned
to control his movements at will. The situation is different
with the tonus (tension) of the muscles in regard to emotional
states. Under the influence of nerve impulses traveling from
the central nervous system and as a result of excretion of
adrenalin by the internal secretion glands, muscle tonus changes
and their potential capability increases markedly. The tonus
increase is sometimes accompanied by trembling, which is ex-
plained by nonuniformity of the tension of the individual muscle
groups. Distinct shifts in the muscle tonus variation were

observed in the cosmonauts when making wrist dynamometric
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measurements during parachute jumps. The indices of wrist
strength prior to boarding the airplane are illustrated by the
following values:

Initial 15% sump 20th jump

value day day
Gagarin 52/u49% 54/48 L6/44
Titov bh/43 50/50 ho/h7
Nikolayev 56/51 68/56 51/53
Popovich W7/47 50/48 -
Bykovskiy 52/45 56/50 53/50
Leonov 6U4/60 67/62 62/62
Volynov 60/53 71/65 72/62
Khrunov br/h7 50/50 48/48
Shonin 54/46 53/49 52/48
Gorbatko 55/43 58/50 53/44

*
Numerator 1s value for right wrist, denominator
is value for the left wrist.

We see from these values that the strength indices increased
in nearly all cases for the cosmonauts on the first jump day.
In the succeeding Jumps the dynamometry indices approached the
initial values. The following fact confirms that the muscular
strength increase was caused by emotional stress. Two cosmonauts
who had also planned to participate in the jumps were told im-
mediately prior to takeoff that they would not jump that day.
The immediate result was a marked decrease of the strength
indices.

From the days of antiquity people have associated their

emotions with the activity of the heart. It is no accldent that
such expressions as the following are still used today: the
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heart "thumps with fear", "jumps with joy", "stands still", and
so on. Definite shifts have also been observed in the cosmonauts
when studying the pulse rate (Table 2).

TABLE 2
Bas 18t day of 6th day of 10 to 12th
asic . . . -
Jjumping Jjumping day of
pulse
rate . jumping
(average)
Before | In Before In Before
flight {air- flight | air- flight
plane plane
Gagarin 77 98 96 80 60 80
Titov 77 92 104 88 80 84
Nikolayev 70 100 120 | 88 76 88
Popovich 62 86 80 72 64 76
Bykovskily 17 97 - 76 - 74
Leonov 56 71 90 — 72 80
Volynov 66 77 - - 84 84
Khrunov 65 84 100 - 88 78
Shonin 70 89 | - 96 -
Gorbatko 78 92 120 - 108 90

We see from the table that on the first day of jumping
there is considerable increase of the cosmonauts' pulse rate
prior to boarding the airplane and while in the airplane, which

" indicates considerable emotional excitement. The pulse reaction

was considerably less on the following days. However, the

pulse rate shifts continued until the end of the first parachute
training stage. After landing, the pulse rates of the cosmonauts
were very high — 170 - 192 beats per minute. For trained para-

chutists the pulse rate increased to a maximum of 136 beats per
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minute under these same conditions. This indicates that for
-Wwell-trained individuals parachuting does not cause any cardio-
vascular system activity shifts which exceed the 1limits of the
variations which are noted after moderate physical exertion.
The cosmonauts' pulse rate described above depended both on the
as-yet-undeveloped skills in controlling the parachute canopy
and on the marked emotional stimulation. The largest pulse
shifts (up to 192 per minute) were noted in Nikolayev and Popo-
vich after a severe flat spin which developed during free fall.
At the moment of landing, in addition to marked quickening of .
the pulse we noted emotional depression and sluggishness of
movements. The parachutists did not respond immediately to
questions.

In the case of honored master of sport N. K. Nikitin (2500
jumps), under the same conditions his pulse rate increased dur-
ing free fall to 148 per minute (the pulse rate was recorded by
a special instrument during free fall) and upon landing was 126
per minute. Our data on pulse rate during free fall are in
agreement with the data of Grimak, who reproduced the emotional
states of the parachutist in hypnosis.

Long ago, Lesgaft showed that only with the aid of practice

can an individual learn to "isolate and compare the impressions
received and at the same time train himself to observe, in-
creasing his proficiency and ability to verify by analysis his
thoughts and actions" (1952, p. 108). 1In his study on "Time
Sense and Motor Reaction Speed", S. G. Gellershteyn showed ex-
perimentally that man can by training develop in himself the
capability for determining time intervals precisely.

In the course of their parachute jumps the cosmonauts not
only acquired motion coordination skills but also the ability
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to reproduce (measure) given time intervals in the free-fall

period. Thus, while in the first delayed opening jumps they

usually overestimated the time intervals (sometimes by a factor /152
of two), in the subsequent jumps their errors did not exceed

a second.

Thus, the pulse rate changes, changes in wrist strength,
and also the inexact reproduction of time intervals disclosed in
an objective fashion the emotional mood of the cosmonauts with
regard to the coming jumps. These changes showed that on the
first day of the jumps their reactions were quite significant,
differing markedly from the reactions of well-trained parachut-
ists. Later on, their reactions became more and more 1like those
of experienced parachutists with 350 or more jumps.

The objective data of the study agreed with the psychologi-
cal observations. The emotional state changes as a function of
increasing number of jumps can be illustrated graphically by
the psychological observations of Gagarin on successive jump days.

1st day. Prior to the first jump he showed excitement
immediately after donning the chute. At this time he was some-
what anxious and talked very little, which was quite uncharac-
teristic for. him. His gestures were restricted, his speech
was subdued. After the Jump was over his mood was elated, but
tenseness was observed for another hour.

ond day. Prior to the second jump he was less tense. He
Joked but tension could still be seen (Figure 13).

yth day. He jumped with a 10 second delay in chute opening.

After leaving the airplane he bent over and obtained a stable
body attitude. He opened the chute after 10.2 seconds. During
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Figure 13. Gagarin prior to one of his first
parachute Jjumps

the descent his actions were proper. Prior to the landing he
turned in the harness to face downwind. After the landing he
felt elated.

6th day. On the ramp prior to boarding the plane he was
relaxed and good humored as usual. He joked a lot and talked
with the medics. After the jump his mood was excellent. As
always, he was in good spirits.
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14th day. He completed the last jump of the first parachute
training stage. He was relaxed on the ramp prior to flight.
He controlled his body very well in the free fall. He opened
his chute after 50.2 seconds. After the jump he was in ex-
cellent spirits.

Thus, Gagarin had excellent control of himself, seemed ex-
ternally relaxed, showed himself a man of strong willpower and
self-control. Throughout the training sessions he showed a
combination of self-control and rapid assimilation of the re-
quired skills. Some emotional tension was noted only during
the first two jumps.

The data presented above and the literature data as well
show that the emotional manifestations begin to subside as a
result of mental conditioning as the jumps are repeated. The
parachutists become confident in themselves and acquire skills
in coordinating their movements in the free-fall period and
the ability to estimate time accurately. However, we must note
that in the case of repeated parachute jumps the emotional mani-
festations do not disappear completely even in experienced para-
chutists. In this case the fear emotions begin to have the
nature of ssthenic, combative excitation, associlated with
activization of conscious activity. Such reactions to danger
are characteristic only of humans and have a social nature.
B. M. Teplov wrote: "Danger may quite indirectly cause an
emotional state of the sthenic type, positively colored, i.e.,
associated with a sort of enjoyment" (1945). This situation
can be illustrated to some degree by observations made of Popo-
vich. During the first jumps he had good control of himself
at the time of takeoff, but when the jump did not turn out well
he was observed to have negative emotions. We shall present
some data from the observations.
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5th day. He made a jump with 15-second delay in opening

the chute. Prior to the flight we was somewhat tense and un-
usually withdrawn. He was noticeably excited. He separated
from the airplane without bending over. His body was unstable
during free fall. He opened the chute at eight seconds. After
landing he was again disappointed with the jump, which had not
been entirely successful, and was obviously unhappy with himself.
6th day. He Jjumped with a 20-second delay in chute opening.
Prior to the flight he was relaxed. As he left the airplane his
body was bent only slightly. The fall was unstable for the
first seven seconds. Then he took the correct body attitude
and the free fall became stable. The time at chute opening was
20.2 seconds. After the jump he was happy and excited. He
laughed and said he now understood the errors he had made in the
previous jumps. His mood was cheerful and elated.

We see from these observations that Popovich's psychic
status changed as a function of the quality of his jump. In
his case the skills involved in free fall of the body in space
and time reproduction were not formulated and consclidated
immediately. Prior to the termination of the first stage of
the training sessions he was able to discover the reasons for
his problems, mobilize his willpower, and achieve good results
in his jumping performance. After this his emotions were of
a sthenic nature.

For all the cosmonauts the positive emotions were most
stable in the second stage of the basic parachute training
course. In this period the cosmonauts became composed and at-
tentive prior to the jump. After the Jumps in the second
training stage, just as in the first stage, speech activity.
increased, feelings of relief and satisfaction with the
jump just performed were noted. After his space flight Gagarin
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gave the following description of his emotional states during
the parachute jumps: "During a short time period I made about
40 jumps. They were all quite similar to one another. Each
Jump was different, leaving every time a mixed feeling of ex-
citement and pleasure. I enjoyed both the languor felt in the
body prior to the jump, the anxiety, the excitement, and the
violence of the jump itself. Parachute Jumping hones the char-
acter, sharpens the will."

Considerable attention was also devoted to parachute train-
ing in preparing man for his sortie into open space. Just as
in the case of parachute jumping, when going out into support-
free space man must overcome spatial tension. We recall that
Tsiolkovskiy foresaw such difficulties. The hero of his science-
fiction novel "Away From the Earth", published in 1916, says:
"When I opened the outer door and saw myself at the threshold
of the rocket I felt faint and made a convulsive movement, which
was what pushed me away from the rocket. I had already become
accustomed to floating without support between the walls of
the cabin, but when I saw that there was nothing below me, that
there were no supports anywhere around, I began to feel faint
and came to only when the entire chain had been unwound and I
found myself at a distance of a kilometer from the rocket"
(1960, p. 167). We see that the founder of cosmonautics assumed
that exit from the spacecraft would involve overcoming.the
"fear of space". This is then the reason why the problem of
training the higher emotional and will qualities occupies an
important place in the cosmonaut preparation program. The de-
gree to which this is justified can be judged, for example, by
the following passage from Leonov's report: "As for the so-
called psychological barrier, which was supposed to be an insur-
mountable barrier to an individual preparing to duel with the
abyss of space, I not only did not sense any barrier but even
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forgot that there might be such a thing. There was no time to
think about such a barrier. Those 20 minutes I spent in outer
space, including 12 minutes away from the spacecraft, were the
tessence! of the Voskhod-2 flight. I understood this and did
everything possible to make certain that not a single second
was wasted." We note that the data from Leonov's self-observa-
tion corresponded fully to the objective recording of his
physiological functions, which indicated the emotional state

of the cosmonaut. His pulse and respiration rates did not ex-
ceed the values obtained during the training sessions in the
airplane and in the altitude chamber. The timbre and intonation
of his voice corresponded (as shown by spectral analysis) to
positive, sthenic emotions.

The subjective speedup of time passage noted by Leonov in
space can be related with positive emotions of sthenic nature.
"Po my great disappointment," he noted in his report, "the time
assigned for work outside the ship flew by very fast. The en-
tire period of stay in space seemed to last only one to two
minutes." It is true that in this case the cosmonaut was not
supposed to evaluate the passage of time and therefore he did
not utilize any auxiliary techniques, which would have changed
the situation.

Leonov's success in his spacewalk was no accident. At the
moment he made his sortie into space, Leonov held the title
of "instructor parachutist" and had made 117 jumps of varying
complexity. As a result of the parachute training he was able
to eliminate completely any "psychological barrier" between
himself and support-free outer space.

Khrunov and Yeliseyev had to overcome a psychological

barrier in transferring from one spacecraft to another. Khurnov
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was backup for one of the present authors on the Voskhod-2
flight. He was fully prepared for a spacewalk even at that time.
But he had achieved this position only by means of considerable
perseverance and persistence. He entered the cosmonaut ranks
in 1960, physically strong and healthy, but had absolutely no
athletic training. I recall our first excercise at the Central
Army Sports Club. At that time he was afraid to jump from a
three-meter tower into water. I thought at first that he was
Joking. But he stood frozen, holding on to the railing, afraid
to jump. This was strange to see. Everyone else was jumping
and suddenly he stood alone. But he began to train with per-
severance and purpose. He suffered some bruises and went
around black and blue, but he stubbornly continued to jump. He
not only learned to dive well — that was not the main point.

The main thing is that he managed to conquer his fear of height.

Later he made his parachute jumps successfully and completed
several dozen jumps of varying complexity. In connection with
an evaluation of the importance of parachute jumps in cosmonaut
preparation, there is considerable interest in the self-observa-
tion of Khrunov during his sortie into space from Soyuz-5 and
his transfer into Soyuz-4.

"My first job was to get out of the spacecraft orbital
module. The hatch opened and sunlight flooded into the
ship. I saw the earth, horizon, and black sky, and felt just

like I did prior to leaving the airplane during my first para-

‘chute jumps. This excitement was like that experienced by an

athlete before the start of a race and lasted several seconds.
Then the work rhythm which had been developed in dozens of
training sessions took over and I thought only of performing
the mission.n
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In the preceding chapter we discussed in detail the import-
ance of cosmonaut flights in airplanes for orientation in space
and professional preparation. Here we shall simply note that
the emotions of an individual flying an airplane depend not only
on flight altitude, which always involves a potential danger,
but also on airplane speed.

As a rule, during work activity on the earth an individual /157
can perceive quite completely and clearly the objects which are
necessary for his work, can grasp the situation which develops,
can make a decision and perform some particular operation. '
During high-speed flight the time for all this is often not only
limited, there may even be a shortage of time. B. S. Alyakrin-
skiy writes: "For flight activity it is characteristic that
the time deficit is usually measured in fractions of a second,
seconds, and only rarely in minutes, while under ground condi-
tions the time deficit, if there is one, is usually of con-
siderably greater length. Here we should mention the tradi-
tional 'student' time deficit of one day. It is obvious that
making a correct decision during high-speed flight becomes
possible only when the pilot has learned to estimate time in-
tervals adequately and 'make the most of his time'." In many
cases it is particularly important to be able to perceive micro-
intervals. The professional activity of the pilot trains his
time estimating sense.

It is very important that the cosmonaut have thils sense
highly developed, particularly since spacecraft control may
often take place on the background of considerable emotional

reactions, under conditions of limited time or time deficit.
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ESTIMATING TIME INTERVALS UNDER ALTERED GRAVITY

We have already discussed the fact that the information
arriving at the brain from the sense organs changes markedly in
the weightless state. 1In this connection, there is considerable
interest in the problem of adequate perception of time in this
state. We conducted a series of two experiments in order to
clarify this question in application to the conditions of brief
weightlessness created in jet airplanes.

Sixteen individuals participated in the first series of
tests. Their task was to estimate the time of exposure to the
weightless conditions. During the test the subjects performed
some other operation (writing test, rotation in the Barany
chair, work with the coordinograph, movement in support-free
space, and so on) which made it impossible for them to count
mentally in order to measure the time interval. The accuracy
of the time interval estimate under weightless conditions was
recorded objectively by the doctor conducting the experiment or
by the instructor pilot with the aid of a stopwatch. In all,
there were 58 tests conducted in this series under weightless
conditions.

As a rule, in the first flights those subjects who with-
stood weightlessness well underestimated the time of exposure
to this unusual factor. They perceived an interval of 35 - 40
seconds as lasting 15 - 20 seconds. During repeated flights
while performing the same task, the errors in underestimating
the time interval decreased, which we believe is associated with
good adaptation of the organism to the welghtless state and
marked decrease of the emotional tension. Conversely, the sub-
Jjects who experienced unpleasant sensations under weightlessness
estimated that the exposure interval of 24 - 26 seconds had
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lasted a minute or more. Subjects who were restrained to the
seat by the belt system estimated time under weightless condi-
tions more accurately than those who were performing tasks in
support-free space. This 1s explained by the fact that in
support-free space the emotional feelings of the subjects were
stronger (in connection with the more marked change of the
afferent impulse pattern).

As an illustration we shall present the results of some
observations. During his first flight, one of the present
authors (Lebedev) felt that the 24-second interval in the first
"hump" (when euphoria developed) flashed by instantly, while in
the second "hump", when spatial illusions developed and there
was negative coloration of the emotional state, the same inter-
val seemed to last infinitely longer.

The cosmonauts and subjects who had considerable experience
in weightless flight and withstood its action well perceived the
passage of time quite accurately, even when moving about in
support-free space. Gagarin wrote the following in his report
on a welghtless flight on November 30, 1965: "The sensation in
flight was as usual. I did not observe any disturbances or
peculiarities. The maneuvers were easily performed, coordina-
tion was normal." In three "humps" he estimated the 24 second
intervals as lasting 22, 23, and 21 seconds. Gagarin withstood
rotation in the Barany chair on December 1, 1965 quite well
and described his emotional state as follows: "I felt fine, the
sensations were normal. Everything was as usual during chair
rotation." He estimated that the 26-second weightless period
had lasted 24 seconds.

Some of the subjects, when rotated in the Barany chair
under weightless conditions, developed spatial illusions and
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negatively colored emotional feelings, accompanied by overesti-
mation of the time interval duration. For example, one of the
subjects when rotated in the chair developed unpleasant sensa-
tions which had not occurred previously under welightless condi-
tions. This weightless regime seemed extremely long td this
subject. On the other hand, the same weightless time interval
was underestimated by 2 - 3 seconds in the case of activity ac-
companied by positive emotions.

Subject P evaluated his sensations in this test as follows:
"When rotating in the chair in the weightless state with my
head down (eyes closed) I had the feeling that I was suspended
head-down in a bent-over attitude." Rotation in the chair which

~
'—‘
\J1
\O

|

lasted 10 seconds was estimated as a 25-second interval. Prior
to rotation in the chair the time in weightlessness was estimated
quite accurately (intervals of 24 - 26 seconds were estimated

to be 26 - 28 seconds).

Fourteen individuals participated in the second series of
experiments, and 87 experiments were conducted with them under
welghtless conditions. While in the first series of tests the
subject's task was to evaluate the passage of a time interval,
in the second series the task was to reproduce a 20-second
interval under weightless conditions. In horizontal flight the
subjects were able as a result of training to perform this task
to within + 0.5 seconds. They selected the mental counting
technique voluntarily. The subject started and stopped the
stopwatch himself without looking at the watch.

The results of the second series of tests involving the
reproduction of a 20-second interval under brief weightlessness
conditions are shown in Table 3.
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TABLE 3.

REPRODUCTION OF GIVEN INTERVAL IN LEVEL

FLIGHT AND UNDER BRIEF WEIGHTLESS CONDITIONS

Coloration 20-second interval
Sub- Tolerance |of emotional| reproduction time Perception
ject to welght-|sensations of time
lessness in wgiggt- In In weight- passage
essnes level lessness
flight
S-v Satis- Negative 20.0 16 (2) Slow
factory
L Poor " 20.5 17 (9) "
v Satis- _
factory " 18.5 19 (3) Normal
B " " 20 20.5 (4) "
S-o0 Good Positive 20 23 (8) Fast
Ya " " 20 21.5 (3) "
K " " 20.5 20 (6) Normal
G Satis- Negative 23 21 (4) Slow
factory
R Good Positive 20 20 (8) Normal
Sh " " 21 20.5 (8) "
Ch " " 20 22 (14) Fast
Shch " " 20 19.6 (7) Normal
s " " 20 20 (5) 1"
Kh Excellent | Normal 20 20 (6) "
Note. 20-second interval reproduction time given as arith-
metic mean value — number of experiments in weightlessness

shown in parentheses.

We see from the table that the subjects can be divided into

three groups on the basis of how they perceived time subjectively
in the weightless state: with normal, slow, and fast perception

of time passage.
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time under weightless conditions as normal. This group included
those whose estimate of the time interval in weightless condi-
tions differed from the estimate of the same interval in hori-
zontal flight by no more than 2 seconds. Two of these subjects
had emotional feelings with negative coloration, the others had
positive feelings. In the group with slow perception of time
passage in weightlessness, consisting of three individuals, there
were premature actions, expressed in premature stopping of the
stopwatch, associated with overestimation in the mind of the
time interval which had passed. All three had negative colora-
tion of the emotional sensations along with satisfactory or

poor tolerance to parabolic flight.

Quickened time passage in the mind was noted for three
of the subjects under weightless conditions. This showed up in
delayed actions, since the time interval passed was underesti-
mated mentally by these subjects. They all tolerated weightless
flights well and experienced positive emotions in the course
of these flights.

Evaluating the experiments, subject B wrote: "During the
first flight the time sensations were somewhat altered in the
quickening direction, but only during the first five seconds.

Thereafter the passage of time remained the same as on the
ground...."

The results of statistical analysis of the data from the
first group are shown in Table 4.
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As we would expect, in the group with conventional perception
of time passage under weightless conditions the deviations from
the basic data are statistically unreliable (confidence level /161
less than 10%). In the group with slow perception of time
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TABLE 4. RESULTS OF STATISTICAL ANALYSIS
OF DATA ON TIME REPRODUCTION UNDER WEIGHT-
LESS CONDITIONS
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passage under weightless conditions the deviations in the direc-
tion of overestimation of the time intervals were significant:
thelr reliability is above 99%. The reliability of the devia-
tions 1in the group with quickened perception of time passage

was also more than 99%.

In the preceding chapter, when discussing the role of the
semicircular canals for orientation under weightless conditions,
we salid that the perception of time is associated with the per-
ception of space. In this connection the self-observation of
research doctor I. F. Chekirda, who observed an interesting
phenomenon, is to the point. Here is the relevant passage from
his self-observations: "In one of the first weightlessness
simulation flights I noticed that the subject when performing
the Coriolis test shortened the time of trunk tilting and the
intervals between these maneuvers and I commented on this to him.
When analyzing the recordings of the physiological functions
I found to my surprise that the time for performing the experi-
ment corresponded to the program and did not differ from similar
experiments in level flight. I came to the conclusion that
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there had been a change of my estimate as an experimenter of the
duration of the movements under the weightless conditions."

In the series of experiments described above all the factors
which influence the change of the estimate of the time interval
passed act essentially séparately. But we know that in actual
space flight these factors act together. This led to the neces-
sity for conducting experiments to evaluate the 20-second time
interval estimate in an actual space flight. This experiment
was performed by Titov. Each test consisted of 20 measurements.
After starting the stopwatch the cosmonaut began to count off
20 seconds in his mind and stopped the watch on the basis of a
subjective estimate of the given time interval. The results
were entered in the ship's logbook. We shall present the
arithmetic mean values of these results for four tests, conducted
in the spacecraft simulator when "running through" the flight
plan and in orbital flight (from data of Lebedev) (Table 5).

TABLE 5. REPRODUCTION OF 20-SECOND TIME INTERVAL BY
TITOV IN SPACECRAFT SIMULATOR AND DURING SPACE FLIGHT

Location Time of day
Morning Midday Evening Night
Spacecraft simulator 20.8 20.2 20.0 21.0
Space 20.3 20.2 20.1 20.1

Thus, under conditions of brief weightlessness the disrup-
tion of time perception in the first flights can probably be
explained by marked change of the information reaching the brain
from the skeletomuscular apparatus, the otolithic instrument,

and the other organs, and also by the emotional state of the
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subjects. 1In all the cases of subjective quickening of time
passage the subjects felt pleasant emotional feelings. For these
subjects the time passed unnoticed (fast), which led to delayed
actions in'reproducing the given time interval. In the case of
subjective slowdown of time passage all the subjects (without
exception) experienced unpleasant sensations. They overestimated
the time intervals which had passed, which led to premature
reaction.

For the subjects with positive emotions the performance of
tasks under weightless conditions increased the errors in esti-
mating the time interval passed in the direction of underestima-
tion since, on the one hand, the subjects did not have a chance
to concentrate onestimating the timeand, on the other hand, the
increased emotional tension led to increased stimulation in the
brain cortex. The reverse pattern occurred in the case of nega-
tive emotions.

On the one hand, the experiments conducted confirmed the
theoretical ideas on the dependence of time perception on the
individual's emotional state and, on the other hand, they make
it possible to state that with proper training man 1s capable of
reproducing time accurately under the unusual conditions of
weightlessness.

Of particular importance is the study of time perception
by the cosmonauts under positive load factor (acceleration) con-
ditions. We have long known from aviation experience that accel-
erations lead to disruption of the visual perceptions, alter
markedly the motion trajectory, lead to increase of the number
of errors in solving very simple arithmetic problems, increase of
the response motor reaction time in proportion to the increase
of the acceleration, and so on. A summary of the data
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characterizing the change of man's psychic activity under posi-
tive load factor conditions has been presented in a study by
Platonov (1960).

Since the orientation in time is very important in control-
ling a spacecraft under positive load factor conditions, together

with N. Kh. Yeshapov we conducted some relevant experiments.

The study was made on subjects while rotating in a centrifuge

N
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to create at 10-g acceleration in the chest-spine direction.

After transmission of a signal (we used a conventional air-
plane indicator lamp with red light filter), the subject was to
count off mentally a ten—second interval and then use his thumb
to depress a button (the thumb motion was perpendicular to the
direction of the vector of the effective load factor). He per-
formed similar actions prior to load factor:onset and immediately
after stopping the centrifuge. Electrophysiological apparatus
was used to record the response. The moment the signal 1light
came on and the moment the subject depressed the button were
noted on the tape. At the same time recordings were made of
the dynamics of the subject's basic physiological functions
(electrocardiogram, electroencephalogram, respiration, and other

functions), and observations were made using a television system.

In all there were 10 individuals involved in the testing
and 172 counts of ten-second intervals were made. Of these, 40
were made prior to rotation in the centrifuge (in the cockpit),
60 were made while the load factor was acting, and 74 were made
after stopping the centrifuge. The summarized data on the esti-

mate by the subjects of the ten-second intervals are shown in
Table 6.
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TABLE 6. SUMMARY DATA OF REPRODUCTION
BY SUBJECTS OF TEN-SECOND TIME INTERVALS

Prior ith action| After termination
to of load of action
rota- factors
tion
in
Jp to |From 1l min. |2 - 3|After
ginzri— h-g 14 to min 3
g 10-g min
Arithmetic
mean 9,98 10,41 10,8 10,39 10,20 10,44
Estimate of '
mean
standard
error +0,12 | 4022 | 10,32 | 10,34 40,22 | 0,23
Limits of T 1
confidenc
interval
- 9,75— | 9.96— | 10,45—] 9,70— - 08—
(P=95%) 10,24 | fo.86 | 14.45 | 11,08 %ﬁ%s %ﬁgo

This table is compiled from the absolute values of the time
estimate. We see from the table that deterioration of the time
interval reproduction accuracy is noted while the load factor
is acting, and also during the aftereffect period. Along with
the tendency toward increase of the reproduced time interval,
there is a quite marked broadening of the range of erroneous
estimation of the ten-second time interval. Particularly large
deviations were observed during the action of large load fac-
tors (for 4 to 10 g) and during the first minute after rotation.
The following data give a good i1dea of the large scatter in
determining the ten-second interval:
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Number of Before Up to From 1 min 2-3 min More
measurements rotation hog 4 to after after than

in the time 10-g rota- rota- 3 .
intervals tion tion min
IR 1
T35 1 2
S4--9,5 12 6 4 9 S 7
0.6—10.5 22 10 7 9 ! 8
10,6--11,5 4 5 7 4 5 1
11,6—12,5 t 4 5 2 3
12.6—13,5 t 1 2 1 1
13,6--14,5 2 1
14,6—15,5 1 _
15,8165 40 27 31 25 19 30

From these data we can evaluate approximately the accuracy

of the time estimate. While prior to rotation half the measure-

ments fell in the + 0.5 second range, with a load factor of hog
the number of error estimates with this accuracy decreased by a
factor of 1.5, and with a 1load factor of 10 gv—— the number de-
creased by a factor of 2.6. During the aftereffect period the
time estimation accuracy increases somewhat, but still remains
lower than that found prior to rotation by a factor of 1.5 - 2.

We note that some subjects constantly underestimated or
overestimated the ten-second interval prior to rotation in the
centrifuge. For example, three subjects underestimated the
time interval while another three subjects overestimated the
interval. For the remaining four subjects the error of the
subjective time passage oscillated in the 1 second range, i.e.,
did not exceed the 1limit of the oscillations noted under normal

. conditions.

During the time of rotation all the subjects showed a ten-
dency toward increase of the interval being reproduced, i.e.,
to subjective quickening of the passage of time. The dynamics

of the ten-second interval estimates 1in comparison with the
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background values (obtained in the cockpit) are shown in
Table 7.

‘In comparison with the data presented in Table 6, the
changes have the same tendency toward increase of the time in-
terval being reproduced and significant spread of the indices

TABLE 7. DYNAMICS OF TEN-SECOND INTERVAL REPRODUCTION
WITH LOAD FACTORS ACTING
With load factors After stopping centri-
acting fuge
Index
Up to From 4 1 2-3 More
I g to 10 minute | minutes| than 3
g minutes
Changes in compari-
son with initial
values (in cock-
pit) +0.41 +o.44 | 4+0.42 +0.18 +0.64
Estimate of mean
standard error +0.16 +0.37 +0.38 +0.23 +0.17

under action of load factors from 4 to 10 g and at one minute

after stopping.

We note not only increase of the reproduced

interval during action of the load factors (for example, with
load factor up to 4 g the confidence range t =

2.6), but also

N
'_l
[0
1

|

in the aftereffect period, 3 - 5 minutes after stopping the
centrifuge (the increase of the reproduced interval in compari-
son with the initial values is reliable with t = 3.85).

These results make it possible to conclude that there is

disruption of time perception in the direction of underestima-
tion under the action of load factors.

246

Along with the overall




quickening of the passage of time, we note considerable scatter
of the reproduced ten-second interval.

At the present time we are not able to explain this pattern
of time perception under the action of load factors. This
question needs further experimental study.

TIME PERCEPTION IN THE CASE OF SENSORY ISOLATION

Under the conditions of extended space flight man encounters
not only emotional stress, weightlessness, and accelerations,
but also the phenomenon involved with limited influx of informa-
tion (stimuli) from the external medium. This also gives rise

to several complex problems.

As a rule, on the earth various natural patterns and crea-
tions of man's handiwork pass one after another before our eyes.
All sorts of sounds act on the hearing organs constantly and
create an audible background. The skin receptors sense tempera-
ture changes and movement of the air. The information concerning
all such influences of the surrounding medium are transformed
into nerve impulses and arrive at the brain. However, by no
means all of this information is recognized. While performing
various functions, the subthreshold stimuli, in particular,
serve as a source for exciting the subcortical formations, which
provide the best perception of the actual situation surrounding /166
the individual, supplying the working segments of the cortex of
the large hemispheres with the required amount of energy.

Various disruptions of brain functioning may develop in the

absence of a definite stimulus minimum. For example, the well-
known Russian therapist S. P. Botkin described in the 19th
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century a patient who had no forms of sensitivity other than the
cutaneous, and that only on one hand. Usually this patient was
asleep and awakened only when touched on the hand which retained
sensitivity. Pavlov observed a patient who, as a result of
trauma, had of all the sense organs only one eye and one ear.

If his eye was covered and his ear was plugged, which were his
windows to the outside world, he immediately fell into a deep
sleep.

After conducting many tests on dogs in a "tower of silence",
Pavlov came to the conclusion that for normal operation of the
cerebral cortex it 1is necessary to have constant charging of the
cortex by nerve impulses coming from the sense organs through
the subcortical formations. The uniformity and monotony of the
impressions in the absence of a sufficient quantity of external
stimuli reduces markedly the energetic level (tonus) of the
cerebral cortex, which in certain cases may lead to disruption
of the psychic functions.

Such a situation is typical under spaceflight conditions.
When the engines are shut down the cosmonauts enter the "kingdom"
of silence. The cosmic silence, when there is no radio trans-
mission, is disrupted only the the weak and uniform noise of the
operating electrical equipment. It 1is not just by chance that
the concept of "sensory deprivation"”, characterizing the severe

lack of stimuli, has arisen in space psychology.

It is true that aviation doctors and psychologists have
encountered this problem even prior to space flights, when the
"ceiling" of aviation rose to several thousand meters. Thus,
foreign scientists studying the behavior of pilots operating
high-altitude single-place airplanes and balloons found that
at altitudes from 10 to 25 thousand meters and above, about
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25 - 35% of the pilots experienced a "feeling of separation
from the earth." Half of them reported that this feeling was
pleasant and manifested itself in a "special sensation of
exultation, desire to continue the flight forever". The other
half, conversely, reported that the sensation Was frightening.
The pilots reported that during high-altitude flights "their
senses were separated from their bodies", as if they "were in a
different world", and movement in space was accompanied by
auditory and visual hallucinations. All this was explained by
the marked reduction and also the monotony of. the stimuli
acting on the nerve system.

However, in the period of man's preparation for the first
space flights science did not yet have sufficiently complete
information on the influence of "sensory deprivation" on the
organism. Therefore, space psychology énd medicine were faced
with the problem of studying the cosmonaut's capability to work
under conditions of uniformity and monotony of the impressions
and the absence of an adequate influx of stimuli from outside.

In one series of experiments the foreign investigators
placed the subjects in individual boxes on comfortable couches.
Their eyes were covered with glasses which reflected the light,
their ears were covered with audiphones which made it impossible
to hear even one's own speech, and the extremities were covered
with housings which excluded tactile perceptions. The experi-
mental subjects took food aﬁd performed their physiological
functions when necessary. In another series of tests, marked
limitation of the external stimuli influx was achleved by im-
mersing the subject in a specilal outfit into tanks filled with
water. This made it possible to provide isolation not only from
sources of light and sound, but also from influx of the usual
Information associated with support on the surface of the earth
and with tactile sensations.
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As a result of such experiments it was found that the re-
-actions of the subjects are expressed basically in the appear-
ance of a sort of feeling of "hunger" with respect to external
impressions. In many cases this led to motor agitation. In
the course of the first few hours the subjects relived the events
of that day, thought about themselves or their friends. Then
they began to experience a more or less marked sensation of
"pleasure" from the experiment, which was quickly replaced by a
rapidly increasing requirement for stimuli from the outside.

To satisfy this desire some of the subjects pounded on the walls
of the box, exercised their muscles (in the water), made swimming
motions, pushed one hand against the other. However, if they
were able to suppress the requirement for stimuli and remain in

a quiet state, a sort of inner concentration come over them.

Now the subject's sense of time became disturbed. They worried
about the absence of a clear-cut 1dea of whether they were

asleep or awake. Then came a period of fantasizing and the
development of hallucinatory phenomena. Most of the subjects

refused to continue the experiment after 24 - 72 hours.

In the USSR the experiments with stimull limitation were
carried out using a somewhat different technique. The subjects
were placed for several days in an isolation chamber, where a
definite number of hours were assigned for work simulating
operator activity, while the subjects were left to themselves
the remainder of the time. This situation corresponded better
to actual space flight. The studies made using this tech-
nique under the direction of F. D. Gorbov showed that a healthy /168
individual with high morale and strong willpower can stay in
the isolation chamber for a long time without any psychic changes
which threaten his health and can regain his capacity for work.
However, the subjects do develop sensory illusions. Specifi-

cally, together with 0. N. Kuznetsov, we found: illusions
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associated with incorrect recognition of stimuli, the informa-
tional nature of which was insufficient for precise perception;
subjective interpretation of dreams as reality; eidetic images;
formation of "super-valuable" ideas; disruptions in the emotional

sphere, and other phenomena.

Along with the broad range of studies of work capacity and
physiological and psychic functions, together with A. N. Litsov
we carried out experiments in the isolation chamber to study

time perception under these conditions.

But before presenting the observations themselves we shall
discuss some facts concerning time perception under isolation
conditions from literature sources. In this regard, the experi-
ments of the French speleologists using deep caves in place of
isolation chambers are of interest. Thus, in 1962 Michel Siffre
spent two months in a cave. We see from his report that "the
time sense quickly disintegrates" for the subject under condi-
tions of solitude and absence of connection with the external
world. After 1000 hours (more than 40 days) it seemed to him
that only about 25 days had passed. And when the unusual ex-
periment terminated and his friends came for Siffre, he said:
"If I had known that the end was so close I would have eaten up
the rest of the tomatoes and fruit long ago."

Three years later the experiment was repeated by another
Frenchman — Antoine Senier. On the 122nd day of his stay in
a cave the subject was amazed when he was told on April 2, 1965
that the experiment would soon be over. According to his reck-
oning it was the sixth of February.

Another investigator, the Englishman Lefferiti, who spent
130 days in an underground cave in complete solitude, also
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erred in his estimate of time. When he was asked prior to the
termination of the experiment: "What is the date today?", he
replied: "The seventh of July". Actually it was already the
first of August.

Also of interest is the record prepared by the research
doctor Ye. I. Gavrikov, who spent 45 days in an isolation chamber
together with S. P. Kukishev. On the 32nd day of the experiment
he wrote in his diary: "Siffre is right, of that I'm certain.
The loss of memory is a strange thing: yesterday I could not
recall what I had to eat the previous evening. This seems to
be a stable phenomenon. Past days Jjust disappear from the
memory. I am reading Siffre very carefully and slowly, more so
than before. I find much in common in the sensations, although
the conditions are different. The same sort of forgetfulness.
Past days become something abstract....

"We are in complete agreement concerning time. Time flies /169
fast, as if it were rushing into a chasm, I cannot recall what
was, it simply disappears."”

In our experiments on long-term isolation under silent
chamber conditions the subjects also noted subjective quickening
of time passage. Thus, subject A, an engineer by profession,
wrote the following in his diary on the second day of the

experiment:

"5 December 1963. It is interesting how my ideas on the
scheduled stay time change: yesterday 1t seemed to me (after
the first day had passed) that the scheduled stay time would be
terribly long, but today everything is falling into place and
the sche